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PREFACE TO PART I 

DEFINITIONS OF FUNDAMENTAL NOTIONS OF MECHANICS AND 

THERMO DYNAMICS 



Principles of Inertia 

The condition of a body whether in motion or at rest 
will remain the same unless acted upon by some external 
force, or a body is unable to modify its own position by 
itself. 

Principles of Force 

Force is termed that which is capable of changing the 
position or movement of a body. It is characterized by 
first: its intensity; second its point of application; and 
third its direction. 

The Composition of Force 

Force acting upon a body in motion or at rest pro- 
duces the same effect whether it acts alone or with other 
forces. Action is equal to reaction and in the contrary 
direction. 

When a body is acted upon by two forces we draw lines 
representing their directions and mark off AD and AB. 
These lengths represent their comparative magnitudes. 
We next complete the parallelogram by drawing in CB 
and CD and draw the diagonal of the parallelogram AC 
which denotes the resultant of these forces and gives the 
direction in which the bodv will move. If more than two 
forces act, we find the resultant of two forces, then we find 
the resultant of the first, second and third forces, etc. 

Centrifugal Force 

The force which tends to move a rotating body outward 
from its center of rotation is termed Centrifugal Force. 

Centripetal Force 

The force which constrains the movement of a rotating 
body in a circular path about its center of rotation is 
called Centripetal Force. 

Tangential Force 

The force which acts at right angles to the radius of 
rotation of a body in the direction of rotation is termed 
Tangential Force. 

Pressure 

The action of a force on a surface is termed pressure. 

Torque 

The value of a force tending to produce the rotation of 
a body about its axis is termed the Torque and is the 
product of the radius of action times the force. 

The Torque of a Motor 

The torque of a motor is the product of the tangential 
force acting at any given radius times the radius of action. 



Center of Gravity 

The center of gravity of a body is that point abou 
which it may be balanced, and is also the point througl 
which the resultant of all the elementary forces of it 
weight act. It is also the center of orientation of a body 

Work of a Force 

When the point of application of a force is displacec 
work is produced which is equal to the product of th( 
intensity of a force by distance through which it is dis- 
placed. The force will be expressed in kilograms oi 
pounds, and the distance in meters or feet. 

The Kilogram Meter 

When the point of application of a force of one kilo- 
gram is displaced one meter the work is termed one 
kilogram-meter. 

The Foot Pound 

When the point of application of a force of one pound 
is displaced one foot the work of the force is termed one 
foot-pound. 

Power 

Power is the work produced in a unit of time and may 
be expressed as the work per second or work per minute. 

Horse Power 
Metric H. P. 

When the weight of 75 kilograms is lifted one meter in 
one second the power equivalent of the work produced is 
termed one Metric H. P. 

Metric H. P. English Units 

When the weight 542.25 lbs. is lifted one foot in one 
second the power equivalent of the work produced is 
termed one Metric H. P. 

English H. P. 

When the weight 550 lbs. is lifted one foot in one 
second the power equivalent of the work produced is 
termed one English H. P. 

It is usual to denote Eng. H. P. as the work produced 
in one minute and is equal to 33,000 ft. lbs. 

Indicated Power 

Indicated power of a motor is the power indicated by 
the average gas pressure acting on the motor pistons. 
The indicated power is determined from the pressure 
volume diagram of a motor cylinder. 
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Effective Power 

The effective power of a motor is the power appearing 
in the crank-shaft of a motor. It is determined on the 
test bench by means of a dynamometer. The dynamom- 
eter may be a friction-brake, a fan-brake or an electric 
cradle dynamometer. 

The Mass Power 

The mass power of a motor is the H. P. per unit of 
weight and may be expressed in kilograms per H. P. or in 
pounds per H. P. 

Speed 

The speed of a body (or velocity) is the distance 
through which it is displaced per unit of time. The 
speed of a body is expressed in meters per second or 
per minute in the metric system of evaluation, and is 
expressed in feet per second or feet per minute in the 
English system. 

Circumferential Speed 

When the center of gravity of a moving body describes 
either a circumference or a portion of a circumference, the 
circumferential speed is the part of the circumference 
passed through by the body per unit of time. 

Angular Speed 

When a body describes a circular path the portion of 
the circle passed through per unit of time by the body 
is termed angular speed. 

Acceleration 

The acceleration of a body is the increase of speed of 
a body per unit of time. 

Deceleration 

The deceleration of a body is the decrease of speed 
of a body per unit of time. 

Uniform Motion 

When a moving body passes through equal spaces in 
equal time intervals the motion of the body is said to be 
uniform. 



Variable Motion 

Wlien a moving body passes through unequal sp^ 
equal units of time, or when a moving body 
through equal spaces in unequal spaces of time, tl 
tion of the body is said to be variable. 

Fundamental Principles of Thermo Dynan 

A unit quantity of heat is capable of producing a c 
quantity of work. 

The Heat Unit 

The quantity of heat which is necessary to raii 
temperature of a unit quantity of water one deg 
termed a unit of heat. 

Calorie 

A calorie is the quantity of heat which will rais 
temperature of one kilogram of water one degree, ( 
grade. 

British Thermal Unit 

The British Thermal Unit (B. T. U.) is the quant 
heat which will raise the temperature of one pou] 
water one degree, Fahrenheit. 

The Mechanical Equivalent of a Unit of H( 

Of a unit of heat is: — 

425 kilogram meters in the metric system of evalu 

778 foot pounds in the English system of evaluati< 

The Thermal Equivalent of a Unit of Woi 

Of a unit of work is: — 
1 

Calories in the metric svstem of evaluation. 

425 



1 



778 



B. T. U. in the English system of evaluation. 



Efficiency 

The efficiency of a motor is the ratio of useful 
produced by the motor to the mechanical equivalent ( 
heat supplied by the combustion of the fuel (assi 
the unit of heat supplied is capable of producing a a 
number of units of work). 



CHAPTER 1 



EQUATION OF CONDITION FOR GASES 



The equation of condition for a gas expresses the rela- 
tion between the specific volume, the pressure p, and the 
temperature t, and is given in Physics as the mathemati- 
cal expression of the combined laws of Mariotte and Gay- 
Lussac. 

According to Mariotte or Boyle the pressure of a gas is 
inversely proportional to the volume when the gas expands 
or contracts under constant temperature, the product pv 
remaining constant under these conditions. 

But if the initial condition is given by pi and Vj, then, 
according to Mariotte, we get the relation 



pv = p 



1 Vi, 



(1) 



which represents an equilateral hyperbola when v is laid 
off as abscissa and p as ordinate; and as the temperature 
is here assumed to be constant, the foregoing expression 
at the same time represents the " isothermal curve " for 
gases passing through the point (p^, v^). 

The other law, that of Gay-Lussac, says that the incre- 
ment of volume of a gas is proportional to the increment 
of temperature when the expansion of a gas takes place 
under constant pressure while the gas is being heated. 

Let oc represent the expansion of a unit of volume of a 
gas when it is heated at 1° C. (1° F.) under the assump- 
tion made, then oct [ oc (t-32°)] is the increment of 
volume for heating from 0° C. (32° F.) to t° ; let us 
designate by Vo the volume of the gas at O^C. (32° F.) 
and its volume at t® by v, thus getting 

v = Vo(l +oct) 
(v = Vo[l+oc(t — 32°)] 

and likewise for the volume v^ at temperature t^ 

Vi=Vo(l +ati) 
(vi = Vo[l+°^(ti — 32°)] 

Dividing one of these by the other we get the expression 
for Gay-Lussac*s Law: 

V 1 +oct 



1+oct, 



1 +oc(t —32°) 



Vt l+oc(t, — 32°) 



the right-hand member by oc and call a the reciprocal of 
oc , then we get 

V a + t 



a + t, 



(2) 



a+ (t —32°) 



Vi a+(t, — 32°) 



If the initial condition of the unit of weight of a gas is 
given by the magnitudes v^ p^ t^, and if the gas expands 
under constant pressure p^ and heat supply from Vj to Vm, 
then we have, according to equation (2), the relation 



vm a + t 
Vi a + ti 
vm a-f- (t —32°) 



Vi a+(t, — 32°) 



Now if we allow the gas to continue its expansion under 
constant temperature t from vm to v (which likewise re- 
quires suitable heat supply), then the pressure will fall 
from pi to p, and according to equation (l) we have 
the relation 

pv = Pivm 

If we eliminate from the last two expressions the inter- 
mediate volume vm, we get 



pv 



PlV] 



a + t a + ti . . 

pv PiVi 



a+ (t — 32°) a+ (t^- 32°)_ 



(3) 



If a were experimentally determined and if for a par- 
ticular gas the necessary temperature t^, the pressure pi, 
and the volume v^ had been observed, we could compute 
the right member of the foregoing equation; if we desig- 
nate the value of this member by B, then the equation can 
be written as follows: 



pv = B(a + t) 

pv = B [a+ (t — 32°) 



(3a) 



and this will be true for any pressure whatever, provided and this is the equation of condition for gases, which at the 
it is constant. same time expresses in the simplest form the laws of 

The value oc is called the coefficient of expansion of the Mariotte and Gay-Lussac. This form of the equation of 
gas; if we divide the numerator and the denominator of condition was used by Clapeyron. 
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Now as regards the constants a and B of the equation 
of condition for gases we will first discuss the con- 
stant a. 

If we compute a from equation (3), we get 



Table I 



Pi^it — pvti 



a 



(4) 



pv — PiVi 



r p.vit — pvti 

I a= \-32 



pv — PiVj 



The experiments on this point have been conducted in 
two-fold fashion; either the pressure p was maintained 
constant and the volume observed at the temperatures 
t and tj, or the volume was kept constant and the pressures 
p and Pi, were determined for the corresponding tem- 
peratures. 

If we designate by ap the value of a derived from the 
experiments under constant pressure, and by a, the value 
of a for constant volume (the subscript P or v indicating 
that in the experiments in question the designated magni- 
tude is kept constant), then there follows from equation 
(4), respectively for p = Pi and v--=Vi, 



a, 



Vjt — vti Pit — pti 
and av = 



.(5) 



V — Vi 

v,t — vti 



Pit — ptl 

+ 32 and av = h 32 



V — V, 



If in both cases we imagine an infinitesimal change of 
temperature 8t as occurring, then we get, as may easily be 
seen, 

ut ut 

ap = V T and av = t (6) 

Oy Op 

V St Ot 

I ap = v (t — 32°) and ay = p (t — 32°) 

[ 8v ^P 

Under the supposition that the equation of condition is 
exactly correct both experimental methods should be led 
to one and the same value a for ap and ay, which is not 
the case; we must therefore conclude that the above equa- 
tion of condition can only be regarded as an approximate 
form. Now there are, to be sure, gases in which the 
deviations are so slight that, without any hesitation what- 
ever, one can regard equation (3) as rigidly exact; and 
it is just these gases which we will hereafter especially 
designate as gases. To these gases belong atmospheric 
air, which we will always put first on account of its great 
technical importance, although it is not simple gas, but 
a mixture of two gases Oxygen and Nitrogen, and also 
the chemically compound gases, nitric oxide and carbonic 
oxide, will be regarded as obeying the law on account of 
their insignificant deviations from it. 

According to the experiments of Regnault, for pres- 
sures deviating but little from atmospheric pressure and 
with temperature limits to 100° C. there were obtained, 
after a corresponding recomputation of Regnault's data, 
for the magnitudes ap and av the followina: values: 



French Units English Units 



a, 



Atmospheric Air 272.48 272.85 

Hydrogen 273.15 , 272.70 

Nitrogen I ' 272.63 

Carbonic Oxide 272.52 , 272.70 

Carbonic Acid 269.54 271.15 

Nitrous Oxide 268.89 ! 272.03 



a. 



490.46 491.13 
491.67 490.86 

490.73 

490.54 490.86 
485.17 j 488.07 
484.00 I 489.6.5 



For Oxygen we would have to assume ay = 272. 18 ac- 
cording to Jolly's data. (ay = 489.92) 

The numerical values show that with the exception of 
Hydrogen the values of av are greater than the values of 
ap for all gases, but that for the earlier tabulated gases the 
difference is insignificant. Only for carbonic acid and 
nitrous oxide are the differences considerable; but these 
are gases whicli are far nearer to their points of condensa- 
tion, and can therefore not be designated as gases. In an- 
other experimental series Regnault observed the diminu- 
tion of volume for the following gases at diflTerent but 
constant pressures; the pressures measured in millimeters 
of mercury gave the following values for api 

Table II 





Pressure 


Value of ap 


Value of ap 






' 760 


272.43 


490.37 


Atmospheric Air. . 


•< 


25,15 


270.61^ 


487.22 






2620 


270.53 


486.95 


Hydrogen 


r 760 
12545 


273.13 
273.10 


491.63 
491.58 


Carbonic Acid . . 


J 760 
|2520 


269.55 
260.04 


485.19 
468.07 



Here we again see the anomalous behavior of carbonic 
acid, and also see that the value of ap seems to be smaller 
at the higher pressures. 

Other investigations of Regnault related to atmospheric 
air and carbonic acid; the volume was kept constant and 
different initial pressures at 0° C. were employed and then 
a corresj)onding final pressure was observed at 100° C. 
From the second of the equations (5) and from Regnault's 
data the values of a, in the following tabulations have 
been derived: 

Atmospheric Air 



Pressure 


French 


English 


AtO°C. 


At 100° C. 


(At 32° F.) 


(At 212° F.) 


Value of ay 


Value of ay 


mm. 


mm. 






100.72 


140.31 


271'.11 


403.40 


174.36 


237.17 


273.87 


402.07 


266.06 


305.07 


273.65 


402.57 ; 


371.67 


510.35 


273.32 


401.98 


375.23 


510.07 


273.43 


402.17 


760.00 




272.85 


401.13 1 


1678.40 


2286.00 


272.03 


489.65 


1602.53 


2306.23 


271.06 


489.53 


2144.18 


2024.04 


271.05 


487.80 


3655.56 


4002.00 


260.61 


485.30 j 



.^ 
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Carbonic Acid 



Pressure 




At 0° C. 

(At32°F.) 

inm. 


At 100° C. 

(At 212° F.) 

mm. 


French 
Value of ay 


English 
Value of av 


785.47 

901.09 

1742.73 

3589.07 


1034.54 
1230.37 
2387.72 
4759.03 


271.33 
270.68 
266.50 
259.08 


488.39 
487.20 
479.70 
466.34 



We see from this experimental series that with the same 
limiting temperatures the value av diminishes as the initial 
pressure increases, and a similar result was evident in the 
foregoing tabulation of the values ap. The greater the 
pressure for the same temperature, the denser is the gas 
and the closer to one another will be the gas molecules. 
Now as the molecules act upon each other with certain 
forces, which doubtless grow very rapidly with diminish- 
ing distances, the thought lies nigh to ascribe to this cir- 
cumstance the deviations exhibited by the gases from the 
behavior assumed when establishing the above equation 
of condition (3a). We further conclude that these devia- 
tions become the smaller the more rarefied the gas, and 
that the condition is finally attained in which the molecules 
have passed beyond the mutual attraction of their spheres 
of action, or, to speak more exactly, in which these forces 
may be regarded as infinitesimal during the future changes 
of state of the gas ; in this sense we speak of an ideal gas, 
and for such a gas the differences, shown by experiments 
for the magnitudes ap and ay disappear, and both values 
should approach for all gases that particular determinate 
value of a which has been introduced into the equation of 
condition. 

Disregarding for the present the values given for car- 
bonic acid and nitrous oxide, and now directing our atten- 
tion to the first two of the above given four tabulations 
of Regnault's experimental results, we see that for at- 
mospheric air, hydrogen, and carbonic oxide the differ- 
ences between ap and ay are very small; if furthermore we 
consider that hydrogen has, other things being equal, the 
slightest density among all the gases, and that for it the 
two values ap and ay differ least from one another and 
approximately show the value 273, then it seems thor- 
oughly justifiable that we should assume this value, gen- 
erally, as the limiting value. The third of the above tab- 
ulations shows that Regnault found for atmospheric air, 
under the least pressure occurring in his experiments, that 
the value of ay turned out to be somewhat greater than 
274, which has caused some authors to assume this value 
as the limiting value. But the circumstance that the first 
limiting value is generally accepted, and furthermore that 
the assumption of the one or the other limiting value causes 
only an insignificant difference in the computations (such 
slight differences can always be neglected in technical 
investigations, and can be disregarded in most cases in tlie 
more refined physical discussions), is the reason why, in 
all future investigations, the limiting value 

a = 273 
(a = 491.4) 



will be retained; this was done by Clausius in all his 
papers. 

If we substitute this limiting value in the equation of 
condition (3a), we get 

pv = B(273 + t) 
(pv = B(459 4-t) 

and from this it is evident that a new zero-point of the 
thermometric scale has been obtained which in a certain 
sense is prescribed by n&ture herself. As the freezing- 
point of water at atmospheric pressure serves as a start- 
ing-point for measuring the temperature t, according to 
Celsius, so that point of the thermbmetric scale lying 
273°C (491. 4°F.) under the freezing point, can in like 
manner serve as the starting point for the measurement of 
temperature; we call this point the absolute zero, and the 
corresponding temperature a -f- t = 273 -{- T (& -{- 1 = 
459.4 -|- t), the absolute temperature of the body in ques- 
tion. 

The equation of condition (3a) assumes that the volume 
V refers to the unit of weight of the gas in question; but if 
in the space V, G kilograms (G pounds) are enclosed, then 

V = Gv, 

and therefore if both members of equation (3a) are multi- 
plied by G we get 

Vp = GB(a-f t) (7) 

This equation is the handiest one for computing the weight 
of a gas enclosed in a given space of v. cbm. (V cu. ft.) at 
pressure p and temperature t, provided we know the con- 
stant B for the gas in question. 

If the capacity of the space V is just one cbm. (one cu. 
ft.), then G is the weight of a cubic unit of gas at the 
existing pressure p and its corresponding temperature t, 
and this weight we will, in what follows, always designate 
by r, and call it the specific weight of a gas. Equation 
(7) gives, therefore. 



- = B(a + t), 
r 



(8) 



and from this follows, by combination with (3a), the fol- 
lowing relation between the specific volume v and the 
specific weight 



Vr=l 



(9) 



It deserves to be emphasized that a special meaning can 
be said to underlie the two forms of the equations of con- 
dition (3a) and (8). The product pv represents the 
equation of work which is necessary to fill or empty the 
space v; this work is accordingly proportional to the ab- 
solute temperature a -{- t. 

On the other hand, in equation (8) p : r represents the 
height of a column of gas whose specific weight is every- 
where r and which by means of its weight exerts upon 
every unit of area of its base the pressure p. 

If we assume that equation (8) holds good for a partic- 
ular gas, then for another gas, of a similar pressure p and 
the same temperature t, the specific weight Tq and the con- 
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slant B will assume another value; if we designate these 
values respectively by r© and Bq, then we also have 

— = Bo(a + t) 

To 

and if we divide this equation by equation (8) there 

follows 

r Bo 

- = - (10) 

ro B 

This ratio, which in the future we will designate by c, 
is the weight of one gas relatively to the other. 

Hereafter the relative weight of gases will always be 
referred to hydrogen. It follows, therefore, from equa- 
tion (10) that 

Bo = B€ (11) 

from which it seems that the value Be is the same for all 
gases and that the equation of condition for gases, equation 
(3a), can also be written in the form 

pv€ = Bo(a + t) (3c) 

For dry atmospheric air Regnault found the specific 
weight r, i.e., the weight of a cubic meter (cu. ft.) of air 
measured in kilograms (pounds) at the temperature of 
0° C, and at the average barometric pressure of 760 mm. 
of mercury, to be 

r= 1.293187 kg. 
[r = 0.0807288 lb.] 

in the latitude of Paris. Since, according to Regnault 
the weight of 1 cbm. of mercury amounts to 13596 kg. 
(1 cu. ft. weighs 848.747 lb.), then the barometric pres- 
sure of 760 mm. corresponds to a specific pressure of 
p = 0.760X 13596=10332.96 kg. (2116.31 lb. per sq. 
ft.), or, accurately ^ough, p= 10333 kg. to the square 
meter, which value will be hereafter designated as the 
mean atmospheric pressure." Therefore with air 

P 

— = 7990.34 

r 

P 

— =26215.03 , 

r 

and from equation (8), for t=0 (32°) and a = 273 
(491.4) we get 

B = 20.269 
(B = 53.349) 

On the basis of other experiments by Regnault the 
table on page 80 has been computed for those gases which 
more completely obey the given equation of condition. 

This table gives rise to some remarks. The products 
Be. therefore, of the values occurring in the last two 
columns, is the same for all the gases enumerated, and is 
422.595 (770.259) ; and moreover for the same pressure 
and volume the product Br is also the same for all gases 
and amounts to Br = 37.850 (Br = 4.30671 ), which 
value results directly from equation (8) for p= 10333 
(p = 2116.31) and t = (t = 32''). 

It is remarkable that the value of the first-mentioned 
product is almost equal to that of the mechanical equiva- 
lent of heat (424) (772.83). That these two values are 



perfectly equal cannot be proved with our present knc 
edge of the internal constitution of 

Table Ilia. — French Units 



« 







Weight 






Specific 


relatively 


Value of 




Weight 


to 
Hydrogen 


B 




kg. 






Atmospheric Air.. 


l.;?93187 


14.4384 


29.269 


Hydrogen 


0.089566 — ( 


1. 


422.591 = (I 


Nitrogen 


1.356163 


14.0550 


30.131 


Xitric Oxide 


1.34;?84 


14.99:29 


28.186 


Carbonic Oxide . . 


1.25090 


13.966:2 


30.258 


Oxygen 


1.4^786 


15.9635 


26.472 



Table Illb. — English Units 





Specific 
Weight 


Weight 
relatively 

to 
Hydrogen 


Value of 
B 


Atmospheric Air . . 

Hydrogen 

Oxvcren 


11). 
0.0807288 
0.0055913— ( ) 
0.0892562 
0.0784175 
0.083828 
0.078089 


14.4384 
1. 
15.9635 
14.0250 
14.9928 
13.9662 


53.349 
770.259 — ( 
48.251 


Xitrogen 

Nitric Oxide ...:. 
Carbonic Oxide . . 


54.920 
51.375 
55.151 



bodies; nevertheless we can make use of this accidei 
coincidence, if we may so describe it, in certain appn 
mate computations. As the thermal equivalent of the i 
of work (A) is reciprocal of the value 424 (772.83), 
would have for hydrogen ABq = 1, and according to eq 
tion (11) for every other gas 

AB€ = 1 ; 

an equation of condition for gases could then be writter 
the form 

Apv€ = a + t, ( : 

so that for all gases taken at the same temperature ; 
at the same pressure the product vc would be the sa 
a result moreover which follows from the combination 
equations (10) and (11); the product corresponds 
specific volume of hydrogen, which becomes for atm 
pheric pressure 0° (32°) temperature 

1 
Vo = — = 11.1649 cbm. 

To 
1 

Vo = — = 178.85 

To 

Of special importance, however, is the following 
mark. If we consider the numerical values of the secc 
column in the preceding table, leaving out atmospheric ; 
which is a mixture of gases, we see that these are aim 
exactly equal to the half values of the so-called molecL 
weights of the gases in question. 

If we designate for the different chemical elements 
E;., etc., the corresj)onding atomic weights by e^, e.., e.j, e 
and if we assume that the molecule of anv chemical c( 
bination consists of n, atoms of the first element E^, of 
atoms of the second element Eg, etc., then the molecu 
weight of this body is 

m = njCi -(- Ugeo -\- n^jC;, -f- . . . , 
or simply 

m = 2fne) (] 
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the elements considered in the following investigations 
atomic weights are as follows: 

Carbon (C) e=12 

Chlorine (CI) 35.5 

Sulphur (S) 32 



rogen (H) ...e= 1 

gen (O) 16 

ogen (N) '14 



'e therefore have for 



m 



m 



m 



(H,0) 

nonia Vapor (NHg) . . . 

»huric Acid (SOj) m 

)onic Acid (COj) m 



2 X 1 + 1 X 16=18 
1 X 14 + 3 X 1 = 17 
1 X 32 + 2 X 16 = 64 
1 X 12 + 2 X 16 = 44 



I the last tabulation, all the gases enumerated are dia- 
c; if we designate the molecular weight of hydrogen 
Q^ (mo = 2), then the gases there designated by m 
?ar to coincide almost exactly with the values m : mo 
le following tabulation; it was Gay-Lussac who first 
d attention to this coincidence. The agreement also 
:s with all other gases. Now if we utilize the value 
m:mo in equation (11), the constant B of the equa- 
of condition of a gas becomes 



Bomo 845.182 



B = = 



m 



m 



(14) 



B„mo 1540.52 



B = = 



m 



m 



ided we substitute the hydrogen values Bo = 422.591 
1.259) and mo = 2. 

Table IV 



Com- 
posi- 
tion 



Molec- 
ular 
Weight 



drogen .... 

vgen 

Togen 

:ric Oxide . . 
rbonic Oxide 



O, 
No 
NO 
CO 



2 
32 
28 
30 
28 



m, 



French 

Value 

Bnm 

B = 



English 
Value 



0"'0 I 



m 



B=^ 



Bomo 



m 



422.591 
26.412 
30.185 
28.173 
30.185 



770.26 
48.14 
55.02 
51.35 
55.02 



iiese values of B are in satisfactory agreement with 
'alues given on page 80 and directly determined from 
riments. The Utilization of relation (14) in the 
tion of condition gives 

Apmv = A Bomo(a + t), (15) 

hich Abom„= 1.9933; this magnitude would be 2 if 
Fere to assume B„ as identical with 424 (772.83), as 
itly suggested. But at any rate the foregoing equa- 
shows that with the same pressure and the same tem- 
ture the product mv is the same for all gases. If we 
ice the specific volume v by the specific weight m^ 
from what has preceded we have for two different 
i the relation 



m, 



m. 



(16) 



Now if we imagine that there exist in a space V f 
time n^ molecules of a gas of the molecular weight m 
at another time in the same space nj molecules c 
molecular weight m^, the ratio of the weights G^ and 
the two quantities of gas is 



G2 n2m2 
On the other hand we also have 

G, Vr, 1 



G. 



Vr, 



'2 ' *2 *2 

The combination of the two equations gives 

n,^m,^ nam2 



and, comparing this with equation (16) we dra\ 
conclusion that n^ = n^ must be true. It follows, 1 
fore, that equal volumes of different gases at the 
pressure and the same temperature possess the same 
ber of molecules. 

This is Avogadro's law, which is one of the most ii 
tant foundation stones of the Chemistry of to-day. 

Gas Mixtures 

The investigations concerning the behavior of mix 
mechanical mingling of various gases, are of impoi 
for certain technical problems, and their closer exa 
tion is therefore justified. If in a space V there exis 
gases, one weighing G^ kg. (lb.) and the other Gj kg. 
and if the temperature of the two gases and th 
their mixture is equal to t, and if moreover the cor 
B of the equation of condition is equal to B^ and 
of the constituent gases, and if finally the pressure c 
one gas is pj and of the p,, then we have, accordi 
equation (7), the two relations 

Vp, = G,B,(a + T) and Vp, = G2B2(a + t),. . 

because, according to a well-known law, the one ga 
pands in the space just as if the second were not pre 
adding these two equations we get 

Vp=(G.B, + G,B,)(a + t), 

where p equals the sum of the pressure p^ and pj? ^ 
sum can be a matter of direct observation. 

If V is the specific volume of the mixture, 
G = Gj + G2 its total weight, then we have also V = 
and from the foregoing formulas there follows fo 
mixture 

SjB, + GoB 



pv 



G. 



(a + t) 



LG, + 

If we designate the coefficient of (a + t) in the 
member by Bm, then, just as for a simple gas, we 
for the mixture 

pv — = Bn, (a + t) 

• 

for which the constant Bm is determined by 

B,G, + G0B2 



Bm = 



G, + G. 
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We at once recognize that this law is true for more than 
two gases, and that in such a case we get for the mixture 
the general relation 

2(GB) 
B„, = (19a) 

5(G) 

The pressures of the separate gases in the mixture are 
easily obtained if we divide equations (17) by equation 
(18) ; we then get respectively 

Pi GjBj po G0B2 

— = and — = . . (20) 

p G,B, + G2B2 p G,B, + G2B, 

which proposition can easily be transferred to the case in 
which more than two gases are present. 

If the constant Bm for a mixture of two gases has been 
determined by observation, then the proportions of the 
mixture can easily be determined from equation (19). 

If the weight of the two gases is G = G^ + Gg, we 
have 



G. 



G, 



G g' 



and we can directly determine from equation (19) 
Gi Bm — Bo Go Bi — Bm 

G 



B, 



Go Bj - 

— and — = 

B.. G Bj — B. 



(21) 



If we utilize these two formulas in equation (20), we get 
the pressure pj of the one gas and pg of the other gas 
from the equations 



(B„ — BJ B, G,B, 



and 



p (B^— Bo) Bm — GBm 
P2 (Bj — Bm) Bo GgB., 



(B, — B,) Bm 



Gb 



m 



(22) 



The most important case of gas mixture is presented by 
atmospheric air, which is composed of nitrogen and oxygen 
for air, therefore, the foregoing values can easily be com- 
puted. According to the tabulation on page 80 we have 
for nitrogen B^ =30.131 (54.920), for oxygen 83 = 
26.472 (48.251) and for atmospheric air Bm = 29.269 
(53.349). From equation (21) therefore follows, for air, 

Gj Go 

_ = 0.7644 and — = 0.2356 
G G 

Accordingly atmospheric air is composed by weight of 
76.44% nitrogen and 23.56% oxygen. 

Equations (22) on the other hand give 



Pi P2 

— = 0.7869 and — 



0.2131 



According to the recent investigations by Lord Rayleigh 
and William Ramsay atmospheric air does not consist 
solely of a mixture of oxygen and nitrogen, but also of 
other hitherto unknown gases, and each of them mona- 
tomic, which, as new chemical elements, have received the 



names Helium, Neon, Argon, Krypton, and Xenon; of 
these the first mentioned has been already subjected to a 
closer chemical and physical examination. This highly 
interesting discovery is one of the most important results 
which the production of liquid air has rendered possible. 
In the technical investigation of atmospheric air, only con- 
sidered in the present treatise, we may neglect these tiny 
admixtures of other gases. 

At the pressure p of atmospheric air, corresponding, for 
example, to an observed reading of the barometer, we have 
78.69% of the pressure due to nitrogen and 21.3% due to 
oxygen, provided the proportions of the mixture of at- 
mospheric air are invariable and correspond exactly to the 
values just computed. According to recent investigations 
the proportion of our atmospheric mixture is subject to 
variations, to be sure between narrow limits; consequently 
the j ust computed pressure ratios vary somewhat ; but con- 
cerning this variation no conclusion can be drawn from 
the observation of the total pressure p, that is, of the 
variable reading of the barometer. 

Chemists usually compare gases by their volumes at the 
same pressure and the same temperature, and not by 
weights. 

In the present case G^ kg. (lbs.) of the one gas at the 
pressure p and the temperature t has the volume V^, and 
the G2 kg. (lbs.) of the other gas would occupy the volume 
V2 at this pressure p and temperature t, and for these 
gases the relations would subsist: 

Vip = GiB, (a + t) and Vop = GoBg (a -f t) ; 

and from the addition of the two equations, and because 
Vj -f~ Vo == V represents the total volume, we would get 

Vp=(G,B, + G,B,)(a + t), 

and according to equation (19) 

Vp — Gb„.(a + t). 

If we use this as a divisor for the two preceding equations, 
we get the proportions of the mixture by volume: 






V 



G.B, 



GB 



m 



Vj, G„B, 

and — = 

V GB„, 



(23) 



But these expressions are identical with the pressure 
proportions of equation (22). 

From these computations it follows, for example, that 
atmospheric air consists by volume of 78.69% nitrogen 
and 21.31% oxygen. 

If we can conceive the mixture to consist of anv number 
of gavSes and designate by G the total weight (G), we get, 
according to equation (19a), 

GBn, = 2(GB). 

Moreover, if 2 designates the relative weight of the 
mixture with respect to hydrogen, and if likewise Bo 
are the relative weights of the individual gases, then, ac- 
cording to equation (11), 

B„ 
B= — 



and by analogy 



B, 



Bm = 



€in 
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where Bo = 422.591 (770.259); the foregoing formula 
gives, therefore, 



G Gi G, 



G, 



- = — + - + -+ . . ., 



Cm 



from which 



2(G) 



«m = 



G 



(24) 



Kt) 

From equation (3c), namely, 

pVm€m=Bo(a -|- t) 

we then get the specific volume Vm of the mixture for the 
given pressure p and the known temperature t. 

Of especial importance in technology are the gas mix- 
tures which explode by ignition, either by means of gas 
flames or by the electric spark, and thus enter into chemi- 
cal combination. There we must distinguish whether the 
gas mixture, say of two gases, has been so chosen that 
there results from the two gases one single gas of definite 
chemical constitution, or whether there is an excess of one 
gas on hand and consequently the ignition results in a new 
gas mixture made up of the excess of the one gas and 
the chemical combination of the remainder with the other 
gas. 

As we must enter more fully into this question later on 
in the treatise, we will only briefly elucidate the first case. 
Let us assume 

chemical combination of the elements. .E, Eo E, . . . 

of which the atomic weights are e^ Cj e., . . . 

and furthermore let •. n^ Uj Ug . . . 

represent the number of atoms existing respectively in the 
elementary gases before the chemical combination is ef- 
fected, when the molecular weights of the individual gases 
will be m^ = n^ e^, mg = UoCo, etc., and these values will 
enter equation in place of the weights Gj, Go, etc. 
We therefore have 



2(G) = UjCi + UoCg + 



= 2(ne) 



and 



(t)=t 






Now for the elements the relative weights e (with re- 
spect to hydrogen) are identical with the atomic weights, 
consequently the last formula gives simply 



<7h 



2(n) 



and hence we -have from equation (24) the relative weight 
2 of the mixture 

2(ne) 

2(n) 

But (ne) signifies the molecular weight m of the chem- 
ical combination in question, and (n) is the number n 
of the atoms of which this consists; therefore the relative 
weight of the mixture simply 



Cm 



m 



n 



(25) 



while the relative weight e of the corresponding chem- 
ical combination is 



m 



m. 



(26) 



where mo = 2 is the molecular weight of hydrogen. If 
Vm is the specific volume of the mixture and v that of th^ 
chemical combination, then, according to equation (3c), 
we have for the same pressure and temperature the 
relation, 

V€ = Vm €m 

and from this follows with the utilization of the preceding 
values putting mo = 2, 

V €m 2 



Vm € n (27) 

From this we can draw the conclusion as to the change of 
volume when the mixture is converted by ignition, or by 
simply heating, into a chemical combination, provided that 
at the end the initial pressure and the initial temperature 
are again restored. 

Moreover, constant B of the equation of condition can be 
found from equation (11): 

B, 

for the mixture Bm = n — 

m 

B. 

for the chemical combination B = 2 — 

m 

Of course it is here assumed tliat the chemical combination 
in a state of vapor obeys the equation of condition of gases. 
In diatomic gases, for which n = 2, no change of volume 
occurs, as equation (27) shows. When a union of nitro- 
gen and oxygen takes place in the proportions correspond- 
ing to the chemical compound nitric oxide (XO) we have 
the value of B the same for the mechanical mixture as for 
the chemical combination. 

By weight, moreover, the mixture is composed as fol- 
lows: 



G 



n, 



m 



1 > 



G. 



G 



n. 



m 



'2 » 



G. 



G 



n, 



m 



(28) 



By volume, on the other hand, it is compored as per 
equation (23), when we consider that, according to equa- 
tion (11), Bo = Bj€i; Bo = B._,€o, etc., also B^ = B, 
and we have besides Ci = e^, e^ = Co, etc.; then 



'm xn.» 



n. 



V. 



n., 



V. 



n. 



V 1 *«j To *»2 '3 **3 

^m > €m ; €m 

V m V m V m 



(29) 



These last expressions at the same time indicate, as com- 
parison of equation (23) with equations (22) shows, in 
what proportion the individual gases contribute in the way 
of pressure to the total pressure p of the mixture; we 
therefore also have 



n, 



n.. 



Pa n- 



— = — m; — = — m; — = — m 
p m po m p m 



(30) 
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Thus we have, say, for a mixture of hydrogen and o>:y- 
gen in the proportions necessary to form water, that is, 
for the so-called detonating gas, the relative weight of this 
gas cm = 6, according to equation (25) and that of the 
vapor of water (considered to be highly superheated) 
after explosion to be c = 9, because, according to the 
chemical formula of water, HjO, the number of atoms 
n = 3 and the molecular weight of the water is 



m 



UiCi + ngCo = 2X1 + 1X16=18. 



The constant B of the equation of condition for deto- 
nating gas is 



Bo 422.591 

Bm = — = = 70.432 

6 6 



770.259 



= 128.377 



and that for the vapor of water, of course considered in 
the state in which it can be regarded as a gas, is 



Bo 
B = — = 46.954 
9 



[770.259 1 

i = 85.584}- 

I 6 J 



The ratio of the volumes of this steam and of the deto- 
nating .gas is^ according to equation (27)> 

V 2 



V™ 3 

therefore a marked reduction of volume is connected with 
the explosion, provided the product is brought back to the 
same pressure and the same temperature. 

The mixture (detonating gas) and also this vapor of 
water are, according to equation (28), composed by 
weight as follows: 



G, 



n, 



2 



G 



= — e, = — X 1 
m 18 



1 Go Hg 1 8. 

9' G 



m 



18 



9. 



On the other hand the composition of the mixture deton- 
ating gas) by volume, according to equation (29), is 

Vi ni 2 2 



V m 18 3 



and 



1 



1 



V 2 n._, 

V m 18 3 

The same values exist for the pressure proportions. If 
p is the pressure of the mixture, then the pressure of the 
hydrogen is Pi = % p, and that of the oxygen is 
p^> = % p. 

In the same way we can find for ammonia, XH.,, the 
number of atoms to be n = 4, and the molecular weight 
m=17. This compound is of technical importance be- 
cause of its application in refrigerating machines. For 
the mixture of nitrogen and hydrogen in the correspond- 
ing proportions we have cm = 1 7/4, and for the chemical 
compound in the form of ammonia we have c = 1 7/2 ; the 
volumetric ratio between this steam and the mixture is 



The constant of the equation of condition for the mix- 
ture is B,„ = 99.432 (181.24), and for the vapor of am- 
monia (highly super-heated) B = 49.716 (90.618). By 
weight the mixture consists of ^tii nitrogen and ?i7 hydro- 
gen; on the other hand, by volume it consists of ^4 nitro- 
gen and % hydrogen ; the pressures of the two elementary 
gases in the mixture likewise possess the same ratio to 
each other. 

It deserves to be emphasized that the just calculated 
values of B for the vapors of water and of ammonia have 
no technical value. These vapors, considered as subject 
to the equation of condition for gases, show too great 
deviations within the limits for which they are employed. 
In the investigations concerning the behavior of vapors 
we will return to this question. 

Specific Heat of Gases 

The quantity of heat which is necessary to raise one 
kilogram (1 lb.) of water from 0° C. (32° F.) to 1° C. 
(3S^ F.) is the unit of heat and constitutes the unit for 
heat measurement (it is known as the calorie in the French 
system of units, and as the British thermal unit in the 
English system) ; the quantity of heat dQ needed to heat 
water from 0° C. (32° F.) an amount dt is therefore 
dQ = dt. 

In order to heat a unit of weight of any other body 
from any initial temperature t an amount dt (and here we 
will consider solid or fluid bodies), the quantity of heat 
needed will be different and is simply written as 



dQ = c dt 



(31) 



m 



here assuming that for the body in question the factor c is 
determined by experiment. The value c is called the 
specific heat of this body, and therefore represents the 
ratio 

dQ 

c = 

dt 

namely, the ratio of the quantity' of heat which the body 
absorbs for a change of temperature dt, compared with 
that needed by an equal mass of water for the same rise of 
temperature; in so doing, however, it is expressly under- 
stood that the water has the initial temperature 0° C. 
(32° F.), for which condition c=l, while the body in 
question has for the initial temperature any value of t 
(but assumed as known), because experiments have shown 
the specific heat c to vary with the temperature, that is, 
have shown c to be a function of t. This variability with 
the initial temperature is also manifested by water. This 
is the reason that in the above comparison water was taken 
at the initial temperature of 0° C. (32° F.), for thus only 
can a reliable basis for comparison be established. 

We have just compared the unit of weight of a body 
with the unit of weight of water, and therefore c is also 
called the specific heat for equal weight or weight capacity. 

We might also have taken a cubic unit, cubic meter (cu. 
ft.) of tl>e body and compared it with a cubic unit of water 
at 0° C. (32° F.) with respect to its heat absorption for 
the increment of temperature dt, and then we would be 
dealing with specific heat for equal volume, or volume 
capacity. 
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But the one kind of specific he^t can easily be deter- 
mined from the other. 

Let r be the specific weight of the body, i.e., the weight 
of a cu. meter of the body measured in kg. (the weight of 
a cu. ft. of the body measured in lbs.) and if ro is the 
specific weight of water (ro= 1000) (ro = 62.425), then 
the body will need the quantity of heat ro cdi for the rise 
of temperature dt, and the water will need the quantity of 
heat rodi starting from 0° C. (32° F.) ; the ratio w of the 
two is therefore 



Ct> 



(32) 



and that is the specific heat for equal volumes; it is ob- 
tained by multiplying the specific heat c, for equal weight, 
by the quotient r : ro, i.e., by the relative weight of the 
body with respect to water. 

The foregoing presentation of the older works on Phy- 
sics must, however, be extended according to the theory of 
Thermodynamics, for the quantity of heat needed by the 
body for the temperature rise dt is by no means solely 
dependent on this rise and on its initial temperature. The 
temperature is a function of the pressure and volume of 
the body, and as the body experiences a change of volume, 
while it is receiving heat under the external pressure p, 
there must be considered here the external work performed 
by, or expended on, the body. The quantity of heat which 
can be imparted for a certain change of state depends upon 
the path along which the body is passed from the initial to 
the given final condition, and that there must be an infinite 
number of such passages, and equation (31) has there- 
fore, in principle, no general validity, but presupposes in 
its application a perfectly definite law of change of the 
external pressure p with the volume v of the body. For 
gases this law will appear in subsequent developments; 
but for every other relation between p and v during heat 
supply equation (31) will have no meaning. It is so with 
solid and liquid bodies, only with the difference that for 
such bodies the general law of the changes of state for 
which equation (31) is true is not even known, because the 
so-called equation of condition of solid and liquid bodies 
has not yet been found ; this much can be regarded as cer- 
tain, that equation (31) can only be used with such solid 
and liquid bodies as experience during heating computa- 
tions, because in this case the outer work is of no account. 
With gases, heating is in general accompanied with con- 
siderable changes of volume, and therefore from the be- 
ginning the difference could not be disregarded; conse- 
quently even before the question was clarified by Tliermo- 
dynamics two kinds of heating of gases were distinguished 
from each other; the heating of the gas was considered as 
taking place under constant pressure or under constant 
volume; in the first case let the quantity of heat for the 
rise of temperature dt of the gas be 

dQp — Cpdt, (33) 

and in the other case, let 



dQv = Cvdt, 



(34) 



pressure, and c, that under constant volume, and really we 
ought to add, in both cases, for equal weight, as a kg. (lb.) 
of the gas was compared with a kg. (lb.) of the water; but 
this supplementary remark is unnecessary, for in all 
Thermodynamic investigations the unit weight of the 
bodies in question is assumed, and it is only in exceptional 
cases that the unit of volume is considered. 

Moreover the two cases of heating of the gas just men- 
tioned will in the future investigations appear as only 
special cases of a general law; but for the questions to be 
treated here these two cases are of marked significance, 
because the values Cp and Cv for the different gases have 
been determined by experiment. 

The first reliable experiments with respect to the value 
Cp, the specific heat of gases under constant pressure, we 
again owe to Regnault. The following tabulation gives 
the values of Cp and of the product rcp where r is the 
specific weight, that is, the weight of a cubic unit of the 
gas for those particular gases which obey sufficiently 
closely the above equation of condition. If we divide the 
latter product rcp by the specific weight ro=1000 
(ro = 62.426), we get for the corresponding gas, as was 
already explained, the specific heat under constant pres- 
sure for equal volumes. 

Table V 





Cp 


French rCp 


English rCp 


Atmospheric Air. . 

Hydrogen 

Oxygen 

Nitrogen 

Nitric Oxide 

Carbonic Oxide. . . 


0.2375 
3.4000 
0.2175 
0.2438 
0.2317 
0.2450 


0.3071 
0.3053 
0.3110 
0.3062 
0.3114 
0.3065 


0.01017 
0.01006 
0.01041 
0.01012 
0.01042 
0.01013 



where the subscript p or v indicates which magnitude is 

supposed to be constant during the heat supply considered. 

We call Cp the specific heat of the gas under constant 



We see that the specific weight Cp is different for the 
different gases, but that hydrogen stands out in a remark- 
able fashion ; its specific heat is, as other experiments also 
show, even greater tlian any solid or liquid body. 

It is different with the values rCp of the last column, 
which are nearly equal for the given gases, as was early 
recognized by Delaroche and Berard; the smallest value 
appears with hydrogen, and as this gas, according to ex- 
perience, stands nearest to the perfect gas, we conclude, 
in accordance with the supposition under which the equa- 
tion of condition was derived, that any individual gas 
deviates more from these suppositions the greater the devi- 
ation of its value rcp from that belonging to hydrogen. 
But for the gases just adduced the deviations are so insig- 
nificant that for this reason also we can utilize the equation 
of condition with all of them. If we assume complete 
equality of the values rCp then we may conclude that for 
equal volumes all gases require the same quantity of heat 
for the same rise of temperature under constant pressure, 
which proposition according to Avogadro's law, can also be 
extended to the molecules themselves. 

But the investigations of Regnault concerning the 
specific heat of gases under constant pressure have led to 
still other results which are important for the discussions 
which are to follow. 

First of all, his extended experiments show that for 
atmospheric air, hydrogen, and carbonic acid the specific 
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heat is independent of the pressure, and that therefore the 
unit of weight of every one of these gases needs always 
the same quantity of heat for the rise of temperature dt 
under a constant but arbitrary pressure, whatever the 
volume may happen to be; this is true even of carbonic 
acid, which in other respects by no means obeys the equa- 
tion of condition of gases. Furthermore it has been shown 
that for atmospheric air and hydrogen the specific heat Cp 
is a constant quantity between wide temperature limits 
(-30° C. to 200° C.) (-22° F. to 392° F.). On the 
other hand the specific heat of carbonic acid grows not 
inconsiderably with rising temperatures. From this the 
conclusion has been drawn that for the gases mentioned in 
the above tabulations and which were formerly designated 
as the permanent gases, the specific heat under constant 
pressure within the ordinary pressure and temperature 
limits (which alone are to be considered for the present), 
may be regarded as independent of the pressure and tem- 
perature, and therefore considered as a constant value. 
But for high pressure and for high temperature, even for 
low temperatures at which the gas approaches the liquid 
condition, we must give up this assumption. 

So far as the specific heat of gases under constant 
volume (cv) is concerned, no direct determination has yet 
been successfully made, but by different experimental 
methods the ratio 



k = — 



(35) 



of the specific heats Cp and Cv has been determined; the 
most important of these methods we will discuss more 
fullv later on. 

According to the formula given by Laplace for the 
velocity of sound which contains this value K there was 



determined for on the average 1.403; for the velocity of 
sound is accurately known in air. Dulong found from ex- 
periments of the oscillations of gases in pipes, for at- 
mospheric air K = 1.421, for carbonic oxide K = 1.428, 
and for carbonic acid K^^ 1.338, but then these experi- 
ments show certain imperfections. 

More exact experiments of a similar sort, using the 
procedure given by Kundt, are due to Wiillner, who de- 
serves the credit of taking account at the same time of the 
influence of the temperature. Among other results 
Wiillner found corresponding temperatures of 0° C. 
(32° F.) to 100° C. (212° F.) for atmospheric air 
K = 1.4053 and K= 1.4029 respectively, and also for 
carbonic acid he found K= 1.4032 and K = 1.3946 re- 
spectively. 

According to other experimental methods, differing but 
little from each other in principle and which will be 
touched upon later in this treatise, there was found for 
atmospheric air by Clement 1.356, by Masson 1.419, and 
by Hirn 1.384, by Weisbach 1.402, by Cazin 1.410, and by 
Rontgen 1.405. 

Other careful and recent experiments by Lummer and 
Pringsheim have given for atmospheric air K = 1.4015, 
for hydrogen 1.4084, for oxygen 1.3962, and for carbonic 
acid 1.2961. As a mean value we will hereafter take 

K= 1.410, 

and will assume that this magnitude, as well as Cp, is inde- 
pendent of temperature and pressure under ordinary con- 
ditions. Then, according to equation (S5), the specific 
heat Cv, under constant volume becomes constant. For 
atmospheric air, the technically most important gas, there 
is given Cp = 0.2375 ; consequently when K = 1 .410 there 
follows Cv = 0.1684. 



CHAPTER II 



THE BEHAVIOR OF COMBUSTIBLE GASES DURING IGNITION 



In order to embrace all cases which arise, let us suppose 
a combustible gas to consist of ni atoms of carbon (C), Uo 
atoms of hydrogen (H), n., atoms of oxygen (O), and n4 
atoms of nitrogen (N), then the chemical notation for this 
gas is 

(C„,H„,0„3Nn4) (0 

If we designate in their order the atomic weights of the 
several elements C, H, O, and N by Cj, Co, e.^, and e^, then 
the molecular weight m of the contemplated gas is 

m = njCi +n2e2 + n^e^ -\-n^e^ = (ne) ; ..... (2) 



here we may substitute 

e=12, eo=l. 



e3=16, e4=14. 



The constant B of the equation of condition of this gas, 
namely, of the equation pv = BT, can be found from rela- 
tion (14) 

Bm = Bom, 



'09 



where the factors in the right member refer to hydrogen; 
now since mo = 2 and because we can use with sufficient 
accuracy Bo = 424 for all the following investigations, we 
can determine B from the equation 

ABm = 2, (3) 

and then, for a given pressure p and given temperature T. 
immediately find the specific volume v of this gas from 
the equation of condition. 

Now let this gas be mixed with another gas which con- 
sists of a mixture of oxygen and nitrogen in the propor- 
tion of a kg. (lb.) of oxygen and by kg. (lb.) of nitrogen 
in the unit of weight; let q kg. (lb.) of nitrogen be em- 
ployed with one kg. (lb.) of the given gas, which can be 
designated as combustible gas. If we assume m kg. (lb.) 
of the last-mentioned gas, then the total mixture consists 
of m kg. (lb.) combustible gas, q m a kg. (lb.) of oxygen, 
and q m b kg. (lb.) of nitrogen. 

The constant B of the equation of condition for the com- 
bustible gas follows from equation (3), the constants for 
oxygen and nitrogen are to be taken from the table on p. 
80; hence the constant Bm, which corresponds to the 
total mixture, is found from equation (19a), 



AM 



+ (26.472a + 30.131b)q 



Bm 



q+1 



(4) 



2 



Am 



+ (48.251a -f 54.020b)q 



Bm 



q+1 



Moreover, if for the combustible gas the specific heat at 
constant pressure is Cp, and Cv that for constant volume, 
and if c'p and c'r designate similar values for the whole 
mixture, we get from equations (13a) and (14a) 



Cp + (0.2175a + 0.2438b)q 
q+1 



(5) 



and 



Cv + (O.I55Ia + 0.1727b)q 
q+1 



(6) 



by utilizing the values given. If the mixture supplied to 
the combustible gas is ordinary atmospheric air, then we 
may substitute in the preceding formulas, according to 
a = 0.2356 and b = 0.7644 ; on the other hand if pure 
oxygen instead of air is added we n st substitute a = 1 
and b = 0. 

This gas mixture is now to be ignited, if the combustion 
is a perfect one the carbon burns to carbonic acid, the 
hydrogen burns to water, and the result is a new gas 
mixture consisting of carbonic acid, steam, oxygen, and 
nitrogen, provided the temperature after combustion is so 
high that the resulting water is present as vapor. Since 
one atom of carbon takes up two atoms of oxygen when 
changing to carbonic acid (COj) i.e., when e^ kg. (lb.) 
carbon requires 2e., kg. (lb.) oxygen, then on the whole 
the Uj atoms of carbon in the gas considered require 2n|e3 
kg. (lb.) of oxygen and the weight G^ of carbonic acid, 
resulting from combustion, amounts to 

G, = n, (cj + 2e3) kg. (lb.) (7a) 

On the other hand when water (HgO) is formed there will 
l«e a half atom of oxygen for every atom of hydrogen, or 
for Go kg. (lb.) there will be needed 05. e., of oxygen; as the 
contemplated gas possesses n.^ atoms its combustion will 
require 0.5n._,e., kg. (lb.) of oxygen; hence the weight Gg 
of the resulting water amounts to 

G. = n., (ca + 0.5e.O kg. (lb.) (7b) 

Further, if in the contemplated gas, there are present, 
according to equation (2), n;,e., kg. (lb.) of oxygen, the 
added mixture contains qma kg. (lb.) of oxygen. The 
weight G.; of the oxygen left over is therefore 

G., = ngCa -\- qma — ^n^e^ — O.SUoC^ kg. (lb). . . . (7c) 
Finally the weight G4 of the nitrogen, at the end of com- 
bustion, h 

G, = (n,e, + qmb) kg. (lb.) (7d) 

because the nitrogen effects no changes. The addition of 
the four preceding weights, when we consider equation 
(2), again leads, as it ought, to the value m (q -f l)» Jc, 
to the weight of the whole mixture before combustion. 
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Now taking in order the four gases^ carbonic acid, 
steam, oxygen, and nitrogen, we have for the correspond- 
ing constants B of the equation of condition: 

19.204, 46.954, 26.472, and 30.131 
(35.003, 85.583, 48.251, and 54.9^0), 

furthermore the specific heats at constant pressure (Cp) are 
0.2169, 0.4805, 0.2175, and 0.2438, 

and the specific heats at constant volume (cp) 

0.1718 0.3695, 0.1551, and 0.1727; 

then we can calculate for the mixture resulting from the 
combustion from the formulas given, 

(GB) (Gcp) (Gcv) 
B = Cp = Cv = (8) 

(G) (G) (G) 

while the similar values before ignition were calculated 
above and designated by Bm, Cp', and Cv'. 

If the pressure, specific volume, and temperature before 
ignition are p', v' and T', and after it p, v, and T, then 
the relations 

pv = BT and p'v' = B^T, 
hold. 

If we suppose the pressure and temperature after com- 
bustion to be brought back to the values which they pos- 
sessed before ignition, then the last two expressions give 

V B 

- = — (9) 

v' B. 



'm 



and from this we can conclude whether a change of vol- 
ume is connected with combustion. 

To be sure the given calculations lay no claim to great 
accuracy because just for carbonic acid and for steam the 
above-given specific heats are uncertain, particularly for 
carbonic acid, for which these magnitudes vary with the 
temperature; neither are the two vapors subject to the 
equation of condition for gases, and here it is especially 
the vapor of water for which it is only permissible at low 
pressures and high temperatures to assume that it follows 
the law of Mariotte and Gay-Lussac. 

The combustible gases have usually atmospheric tem- 
perature before ignition; then if we lead the gas mixture, 
after combustion, back to the initial temperature, the 
water will no longer be present in the form of vapor but 
will appear almost completely condensed; as the water 
volume is almost infinitesimal in comparison with the other 
gases it would have been more correct in determining B 
from equation (8) to have substituted Go = 0, for the 
weight of the steam present after combustion^ in place of 
the weight given by equation (7b). 

Equation (7c) gives rise to a special remark bearing on 
the weight of oxygen left over after combustion and en- 
ables us to calculate it. If we substitute G3 = we get 
here, from the relation 

qma = (2ni -|- ^•5ri2 — "^3)^3 (10) 

the minimum weight q of the mixture composed of oxygen 
and nitrogen which must be supplied for the combustion 
of 1 kg. (lb.) of gas in order to effect combustion. If 



this mixture consists of atmospheric air, we must sub- 
stitute, as was mentioned above, a = 0.2356, while we 
must assume a ^ 1 when pure oxygen is used. 

Let us assume as a special case that the principal con- 
stituent, namely marsh gas (light hydrocarbon), is to be 
burned with a supply of atmospheric air. For this gas 
we have the chemical formula CH4; therefore, according 
to equation (1), n^ =: 1, nj = 4, n., = 0, and hence, a^ 
cording to equation (2)j the molecular weight is 

m=l X 12 + 4 X 1 = 16, 

and according to equation (3) the constant B of the equa- 
tion of condition is 

B = 53.000 (B = 96.604). 

From equation (10) then follows, because e3= 16, 

qa = 4 

For complete combustion, therefore, at least 4 kg. (lb.) 
of pure oxygen must be supplied for 1 kg. (lb.) of marsh 
gas ; the minimum of the atmospheric air necessary is, on 
the other hand (because a = 0.2356), 

q= 16.978 kg. (lb.) 

Let us now assume that in reality 1 kg. (lb.) of this 
gas is, before ignition, mixed with q = 24 kg. (lb.) of 
atmospheric air, as we must assume for marsh gas 
Cp = 0.5929 and c, = 0.4680, there is found from equa- 
tions (4), (5), and (6), page 11, for the total mixture 
before ignition. 

B,n = 30.218 (Bm= 55.079), Cp' = 0.2518, Cv' = 0.1872, 

— =1.345. 

Cv' 

If we have m = 16 kg. (lb.) of marsh gas before ignition, 
the total weight of the mixture will be 

m(q-f 1)= 400 kg. (lb.) 

If we substitute the given values in equations (7a) to 
(7d) we get, after combustion: Gi = 44 kg. (lb.) of car- 
bonic acid; Gg = 36 kg. (lb.) of water, G3 = 26.47 kg. 
(lb.) of oxygen, and G4 = 293.53 kg. (lb.) of nitrogen. 
From equations (8) therefore follows, for the whole mix- 
ture resulting from the combustion, 

B = 30.201 (B = 55.048), Cp = 0.2604, Cv = 0.1891, 

Cp 

— =1.377 



The values differ but little from those which belong to 
the mixture before combustion. In this comparison the 
water present is regarded as a vapor; now if in conse- 
quence of subsequent cooling of the products of combus- 
tion it had become liquid, we should get B = 25.975 
(47.345) ; in the first case, for the same pressure and the 
same temperature, the volumes before and after combus- 
tion, v' and V, will, according to equation (9), be almost 
exactly equal; in the second case there will be a contrac- 
tion and we shall have v — 0.859 v'. 



CHAPTER III 



THE GASEOUS MIXTURE 



Aircraft Motors of the past and present are constructed 
only for the use of volatile liquid fuels, such as gasoline^ 
benzol and alcohol, and as benzol and alcohol have only 
been used experimentally, their use will not be considered 
from a technical viewpoint. However, it is quite prob- 
able that in the future development of aviation, motors 
will be constructed to use these fuels and possibly also 
crude oil, tar oil and heavy fuel oils. 

Gasoline or Petrol 

Gasoline is a colorless liquid possessing a very small 
viscosity and is produced by fractional distillation of 
Naturai Crude Oil. (Note Table I.) The distillation 
temperatures are between 70° and 120° Cent., and the 
density of the fluid is from .686 to .730. 

The gasoline is a hydro carbon mixture composed of 
chemical series Cn H 2n -|- 2 and the principal elements 
are (n is the number of atoms in the molecule), 

Pentane C5 H 1 2 

Hexane C6 H 1 4 

Heptane C7 H 16 

The density of the fuel is the ratio of the weight of a 
unit volume at 59° F. (15° Cent.) to the same volume of 
water at 39.2° F. (4° Cent.). 

The coefficient of expansion of the liquid volume is the 
variation produced by a change in temperature of 1.8° F. 
(1° Cent.). 

The latent heat of Vaporization is the quantity of heat 
required to transform a liquid into a vapor at the boiling 
temperature, under a pressure of one atmosphere, and is 
evaluated in Heat Units or Calories. 

The standard Heat Units are the British Thermal Unit 
(B.T.U.) and the Calorie (Cal.), and they are respec- 
tively the amount of heat required to change the tempera- 
ture of 1 lb. of water 1° Fahrenheit or (in French Units) 
1 Kilogram (1 kg.) of water 1° Centigrade (1° C). 

Ha liquid is heated in a closed space, there will be a 
rise of pressure, independent of the temperature. This is 
considered the vapor tension of the liquid and is equal to 
atmospheric pressure at the boiling point of the liquid. 

The density of a vapor is the ratio of the weight of a 
unit volume of saturated liquid vapor to that of a unit 
volume of air under the same temperature and pressure. 

The fluidity or viscosity of a liquid is the rate at which 
it will flow through a given sized orifice under a given 
head and this rate varies with the temperature. Table I 
shows the variation of viscosity of gasolines having a 
density of .70 and .72. 



Table I. Variation of Viscosity of Gasoline with 

THE TeMPERATUHE 

Temperature. Fahrenheit and Centigrade 



Density =.70 
Density =.72 



5' C 
41 F 
I21..'> 
82.5 



10° C 
50 F 
123 5 
90. 



IS** C 
59 F 
128.5 
97.6 



20" C 
68 F 

131.5 

104. 



30° C 


40° C 1 50° C 


86 F 


104 F 122 F 


138. 


150. 


163. 


118. 


126.5 


188. 



Quantity Per Unit of Time. 

The Thermal value or Heat Value of a fuel is the num- 
ber of B.T.U.'s or Calories disengaged by the combustion 
of a unit quantity (1 lb. or 1 kg.) in an excess of air or 
oxygen, and is proportional to the quantity of oxygen 
taking part in combustion. 

The products of combustion are water vapor (H._,0) and 
carbon dioxide (COo) when combustion is complete. 

Table II. Spec. Heat and Boiling Points Cent, of 

Products of Petroleum 





Boiling Point 




Lat. Heat 


Formula 






Spec.Heat 


of Vap. in 








Cent. 


Fahren. 




Cal. per Kg. 


C 6 H14 


68 


154.5 


.5272 


79.4 


C 7 H16 


91 


195.8 


.5005 


74.0 


C 7 H16 


98 


208.4 


.5074 


71.1 


C 8 H18 


125 


257 


.5052 




C 9 H2() 


151 


303.8 


.5034 




ClO H22 


162 


323.6 


.4951 




ClO H22 


172 


341.6 


.5021 




Cll H24 


195 


383 


.5013 




Cl2 H26 


211. 


417 


.4997 




CIS H28 


226 


438 


.4985 




C14 USO 


242 


467 


.4973 




Cl5 H,S2 


250 




.4966 




C16 H31 


275 




.4957 
.5135 










.4951 





Table III. Physical Properties of Petroleum Prod- 
ucts. Light Oils 



Boiling Point Spec. Gravity 



40-70C 

70-80C 

80-1 OOC 

100-120C 

120-150C 



Petroleum Ether 

Gasoline 

Naphtha (Benzine) .... 
Naphtha (Ligroine) . . . 
Naphtha (Cleansing Oil) 

Burning Oils i Boiling Point 

American Illuminating. . 

Kaiser Oil 

Standard White Oil 

Prime White Oil 



.650 
.640- 
.667- 
.707- 
.722- 
.150- 
.780- 
.300- 
.320- 
.308- 



-.660 
.667 
.707 
.722 
.737 
-.300C 
.800 
.310 

.312 
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Table IV. Products of Distillation o 


Chl-de Oil 


Penn. Crude Yields 


Per Cent. 




1.5 
10 

2.5 

2.5 
54 
17.5 

2.00 
10 

100 


C-Naphtha 




A-Naphtha . 




Lubricating Oil 

Paraffin Solid 





Table V. Characteristics o 


Aviation 


MOTOB 


Fuels 




1* 


1* 




a 


h 

a ^ 


PenUneC5H12 
Hexane C6Hl'( 
HeptaneC7Hl6 


83.20 
83.68 
84 


16.71 
16.32 
16 


.IOC 86F 
62C 113F 
74C 165F 


0.6 K) 
0.67fi 

0.718 


3..'ia8 

3.053 
3.51.7 



Tables II, III, IV and V give the principal charac- 
teristics of tlie products of petroleum. 

The Heat value of the available fuels varies from 
18,000 B.T.U. per lb. to 21,m)0 B.T.U. per lb. with 
18,500 B.T.U. per lb. as the average — in French units — 
from 10,000 Cal. per Kg. to 11,500 Cal. per Kg. 

The merit of the fuel for any particular use will be 
judged by its density and boiling point. 

Fuels having a boiling point in access of 250° F. (122° 
C.) are not suitable for use in modern aviation motors 
since the molecules of fuels having a liigher boiling point 
than ^50° F. 122° C.) break down due to the high com- 
pression pressures — in use, resulting in the formation nf 
solid carbon (smoky exhaust). 

Figure 1 are fractional distillation curves of several 
hydro-carbon fuels. 





.fgyytBtwTMBC zanc<g-<y 



Atmospheric Air 

Air is a mechanical mixture composed of 76% by vol- 
ume nitrogen, 2S% is oxygen and 1% helium and argon. 
The weight of pure air at 32° F. (0° C.) and atmospberif 
press (2!t.il2" or 760 mm. of mercury = 14.7 lbs. per sq. 
inch) is .0807.S lbs. per cu. ft. The volume of a lb. of sir 
at 32° F. (0° C.) is 12.387 cu. ft. (.3398 cu. meters). 
Air expands Vtiio (in French units ^3) its volume for 1^ 
F. (1° Cent.) rise in temperature. 

The weight of air required to complete the combastion 
of a unit weight of fuel will be shown by the following 
calculations. 

Heptane, C7 HI6, will be taken as a representative of 
Aviation motor fuels. Its composition by weight is : 

Carbon 8t% 

Hydrogen 16% 

100% 
Various other hydrocarbons contain very nearly the 
same percentage of hydrogen and carbon, especially those 
having a density in the neighborhood of .70. 

The chemical reaction of combustion of Heptane is: 

C7 Hl6 + 22 0=7 CO^ + 8 HjO 
where H = 1 lb. or grams 1 

C ^ 1 2 lb. or " > Atomic Weights, 



= 



16 lb. 



Til 



equation shows that one unit of Heptane bums 
completely with 1 1 units of oxygen to form seven units of 
carbon dioxide and 8 units of water vapor. The oxygen 
molecule is 02. The molecular weight of Heptane is 
C7 .... 7 X '2^.84 lbs. orgranisJ >, , , ,„ . , . 
1116 ...lOX l=.16 1b,.orgr.,n>P''''"°'"^"«""- 
Therefore, to burn Hejitaiic we shall require 

22 y .16 — 3.52 lbs. or grams of Oxygen. 



THE GASEOUS MIXTURE 




be required for the combustion of 1 lb. or 1 grai 
line. 

The volume occupied by tliese quantities of a 
respectively 



, JiklliiJitaliijiifiijiliaiaiM 



Since the 
will be 



23 



-= 15.30 lbs. or grams of air. 



20 



= 15 liters 



.08073 

In the combustion of gasoline, the hydrogen burns — 
igniting at a lower temperature than carbon, and if there 
is insufficient air for combustion, carbon monoxide (CO) 
as well as carbon dioxide (CO;) will be formed. 

Only 26% as much energy will be made available by 
the combustion of a unit weight of carbon to carbon 
monoxide, as compared with the combustion of carbon to 
carbon dioxide. Carbon monoxide gas is very poisonous 
and particularly unpleasant to the nostrils. 

The proportion of the Gaseous Mixture before Combus- 



lir contains i3% oxygen by weight, 
required for combustion of a unit weight 



1 lb. 
of fuel 



■ gram = 



(C — 8 



(.8+ lb. ( 
(.16 lb. c 



20 lb. or grams 
of air^ 



Nitrogen = 777o) 



The proportions of the gaseous mixture 
tion is by weight: 



The ratio of air to gasoline (Heptane) by weight for 
complete combustion is then 13.3. However, since the 
mixture will not be perfectly uniform, it is necessary to 
have an excess of air; in actual practice, this will be 1.3 
times the theoretical quantity. 

Therefore 15.3 X 1.3 = 20 lbs. or grams of air will 



H,,0 ^l.lt ■■ 

O excess = 1.08 " 

Nitrogen = 15.4 " 



grams; 
gramsj 



<r grams) 
■r gramsj 



15.4% 
7.2 7o 
5.»% 

777c 



In Table VI there are given the calorilic values per lb. 
of the various fuels enumerated. In Table Vll the com- 
position by weight and the calorific values are tabulated. 















! |ji?5_,- _.__. _ — -i l'.. 


-''-' -**-- ;*;J2'- — -i ^^ 
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/« ^//n>sr^ BY t*&e^^ - 

Fig. s 



Fig. 2 shows the relative viscosity curves of gasoline 
(petrol) and benzol (C6 H6} as a function of tempera- 
ture. 

Fig. 3 shows the density of henzol as a function of tem- 
perature. 

In actual practice combustion is rarely ever complete, 
there being always quantities of carbon monoxide, free 
oxygen and sometimes methane, as is shown by the fol- 
lowing exhaust gas analysis. 



Carbon dioxide CO, ^13.3 % by volume 

Carbon monoxide CO = 0.5 % " 

Oxygen Oj = 0.5 % " 

Methane CH, = 0.06% " 

Hydrogen H = 0.18% " 

Nitrogen Nj = 85.46% " 

Aldehyde ^= traces 



100.00 
Fig. 4 shows curves of brake mean effective pressures 




THE GASEOUS MIXTURE 



.>d against proportions of air to fuel by weight for 
1, benzol, and alcohol. It will be observed that the 
P. increases with the mixture richness, until a cer- 
■'alue is attained and then remains constant. In the 
le rotary engines the proportions of the mixtures 
been varied from simple to double without in any 
affecting the power, but the efficiency and the flying 
s was reduced 50%. 

ictically the full range of mixture proportions which 

Fuel ■= 1 

capable of ignition (with gasoline) are, 



rfch, and - 



Fuel = 1 



Air = 



very lean. 



e combustion of Heptane liberates when burned to 
ind H^O approximately 18,500 B.T.U. per lb., 40% 
lich energy is due to the Hydrogen present and 60% 
the Carbon. Further in the combustion of Hydro- 
n of the methane series (Cn H2n H — 2), from 2 to 
f the energy of the fuel is required to bring about the 
jociation of the Hydrogen from the Carbon. 
Table VI. Calorific Values 






bon monoxide. 

ihur 

J'lene 

«enc 

















u 


tr 


13 
■M 




g^ 










g * 


^ 


m 


O 


H 


62,030 


34,460 


C 


14,S40 


8,080 


CO 


4,320 


2,400 


s 


4,000 


2,220 


C,H, 


21.350 


11,860 


t"oH„ 


17,840 


11,1)10 


CH, 


23,510 


13,060 



203 

076 

342 

715 

1,676 

4.030 

1,066 



: VII. Calorific Values of In-; 
TioN Engine Fuels 





C<.,»l,l..,., 


.. 


1 


I 

3 


1 

s 


X 


1 




Med 


8<. 


12.5 


SO" 


u.eou 

».60U 

IS.IUO 

19.200 

IB. TOO 
IsilH. 


C,H.O 

CIP.O. knawn ai iv-oad 
■pint or wood napblba 

(LiKhl pelroll 

Milium Prtrol 
Tlpiry Pftral 






tii 1 ?:? 




oe 


21,«I0 


C,H, 1 



The value given for hydrogen includes the latent heat 
of the steam. If this latent beat remains in the gas, the 
heat of combustion in B.T.U.'s per lb, becomes 52,500. 



The Use of Explosives in Motor Fuel 

In order to increase the power of a given motor to the 
maximum possible, such as is sometimes done for speed 
and climbing records, certain elements may be added to 
the fuel which increase the pressure during combustion. 

By adding 18 to 20% of ether and ."5 or 6 grams of pic- 
ric scid per liter (.264 gal.) of gasoline, an increase of 15 
to 18% in power may be obtained. It is, however, neces- 
sary to increase the amount of air used in the carbureted 
mixture. 

The ether increases considerably the rate of combustion, 
so that the ignition timing has to be set later than when 
using gasoline alone. 



Vaporization of the Liquid Fuel 

It is not only essential that the projiortions by weight 
of the fuel and air be correct as is required for a complete 
chemical reaction, but the liquid fuel should also be in the 
condition of a saturated vapor, uniformly distributed 
throughout the accompanying air, upon the entrance of 
the mixture to the cylinders. 

Combustion of each of the fuel vapor nuclei takes 
place only with air surrounding it, that is, chemical re- 
action cannot take place at a distance. 

We have said tliat 20 to 1 represented a practical ratio 
of air to fuel. Under normal temperature 20 grams of 
air occupies IS liters vol. (i)I5 cu. inches). 

H = tlie pressure of the mixture in mm. of mercury. 

H, ^ the press, of the fuel vapor in this mixture. At 
0° Cent. (32° F.) and 760 mm. pressure, the volume 
occupied by the fuel mixture will be 



760 



, liters 



H — H, 

The volume of the fuel vapor will be 
760 H, H, 



15- 



H — H, 



-X- 



= 15- 



760 



The density of the fuel vapor being 3.25 we can write 
the following: 



1 5 X 1 -293 X 3.25 = 1 gram. 

H — H, 

1.203 is the kilometric weight of a liter of air. 

Let us suppose the absolute suction pressure to be 
h = 700 mm. of mercury, we have then for the preceding 
relation N|Hi=:Il mm., which corresponds to 24° Cent. 
Practically the vapor tension will be 2.5 times this value; 
we have then 

H2 = 2.5 X 11=27.5 mm. of mercury, which is the 
vapor tension at a temperature of 0.5° Cent. This is the 
minimum practical temperature which may be used. 
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The Heat Required for Vaporization 

The heat required to vaporize the liquid fuel is the 
latent heat of vaporization and may be expressed in 
B.T.U.'s per lb. or Calories per kg. 

The latent heat of vaporization of Heptane (C7 Hi 6) 
is 122 Calories per kg., and this heat must be supplied by 
lowering the temperature of the mixture or heating from 
an outside source. 

The specific heat of the fuel is from .46 to .50 and the 
specific heat of the air at constant pressure .2375. These 
values are constant per degree drop in temperature per 
unit of weight. 

If the proportions of fuel to air in the mixture are 1 to 
20, lowering the temperature 1 ° Cent, and taking .46 as 
the spec, heat of the liquid we get .46 +.23 X 20 = 5 cal. 
per kg. of fuel. 

If the latent heat of vaporization is 122 Cal. per kg. 

we get = 24° Cent, drop in temperature. 

5 



In order to avoid condensation of the liquid vapo 
therefore necessary to not pass beyond the critica 
perature, and some system of reheating is required s 
heating the manifold with hot water or exhaust gas 

Fig. 5 shows curves of thermal efficiency for ga 
benzol and alcohol plotted against air, fuel ratios, 
are curves of energy supplied, converted into useful 
It will be noticed that benzol and alcohol both give 
thermal efficiency rising to 30% in the case of alcoh 

These curves were obtained bv consecutive tests • 
same engine, which was 100 mm. bore and 130 mm. i 

Considerably higher compression can be used wit 
zol and alcohol than when gasoline is used as a fu 
motor remaining free from knocking or pre-ignitioi 

Fig. 6 comparative curves of exhaust gas analysis 
ing the percentages of COg, CO, and the excess of ( 
O2, obtained when using gasoline (petrol), benzi 
alcohol in the same motor. The curves Fig. 4 and 
the corresponding brake mean effective pressure an« 
mal efficiencies. 



CHAPTER IV 
TECHNICAL ANALYSIS OF THE FOUR STROKE CYCLE 



The Cycle of operation is the succession of evolution 
undergone by the gaseous mixture in each cylinder. 

The Four Stroke Cycle is comprised of the four follow- 
ing phases: 

1st. Admission of the gas to the cylinder (inlet stroke). 

2nd. Compression of the gases (compression stroke). 

3rd. Combustion and expansion of the gases (power 
stroke). 

4th. Exhausting the gas from the cylinder (exhaust 
stroke). 

Each of these phases of the cycle will now be analyzed. 
Admission (Inlet Stroke) 
In Figure 1. 

a = the angular position of the crank from dead center. 

d =: the diameter of the cylinder in mm. or inches. 

r = the crank radius in mm. or inches. 

1 = 2r — the piston stroke in mm. or inches. 

Vi = the displacement volume in liters or cubic inches. 

v.^ = the compression volume in liters or cubic inches. 

Vg = the total volume of the cycle in liters or cubic 
inches. 

Analysis of Four Stroke 

The inlet valve is opened at or near the inner dead 
center of the piston stroke, and communication is thus 
established to the carburetor. The particular angle of the 
crank at which the inlet valve commences to open is said 
to be the inlet opening angle. 

In order to improve the inlet phase, the valve is in 
some motors held closed until the piston has some veloc- 
ity; this results in a sudden depression in the inlet mani- 
fold and carburetor, improving the carburetor action. As 
a general thing, the opening of the inlet valve should not 
be delayed more than twenty degrees of crank travel. 

Certain designers open the inlet valve slightly before 
the top dead center, counting on the kinetic energy of the 
exhaust gas to assist in drawing the new charge into the 
cylinder. This is done by Panhard (12 cylinders, two 
rows at 60°, 340 h.p. at 1,700 r.p.m.), and Bugati (four, 
eight and sixteen cylinders), 125,250 and 500 h.p. at 
2,600 r.p.m.). 

Owing to the friction of the inlet manifolds and the 
inertia of the column of gas, it is necessary to delay the 
closing of the inlet valve from 35 to 60 degrees after the 
bottom dead center, to obtain the best cylinder filling. 
The exact angle of closing depends on the size of the 
engine, the speed (r.p.m.), the character of the inlet sys- 
tem (manifolds, valves and ports). 

The volume displaced by the piston is theoretically : 



TTi 



d^l 



or 



w 



d=l 



Vx = 



(1) 



y^= 



in liters. 



4,000,000 



when d and 1 are given in millimeter. 

If the engine runs slowly, the depression in the cylinder 
during admission is very small, since as the velocity of the 
gas is small, the resistance created by the carburetor, inlet 
manifold, valves and ports is at a minimum. The cylinder 
filling is then good. 

At higher engine speeds, the gas velocity is increased, 
and the frictional resistance in the carburetor and intake 
manifold are increased, resulting in a reduced cylinder 
filling. 

Table I illustrates the effect of increasing the depres- 
sion in the intake manifold by throttling on the power and 
speed of a motor, the nominal horsepower in this case 
being 200. 

Table I 



Revolutions 


Power 


Depression in 




per minute 


B. H. P. 


the Intake 




1,536 


248 


mm. of 


in. of 


Charge re- 
duced by 


1,510 


234 


water 


water 


1,450 


205 


240 


9.46 


throttling 


1^0 


163 


420 

750 

1400 


16.54 
29.55 
55.10 


the admission 



The above results indicate excellent cylinder charging. 
Many other aviation motors show depressions at full throt- 
tle opening of 650 mm. (25.6) to 700 mm. (27.5) of water. 
The depressions in the intake manifold are read by means 
of a water manometer. The actual depression in the 
cylinder is always somewhat greater than that in the 
manifold. 

In general, the pressure in the cylinder at the end of 
admission may be taken as 9io of atmospheric pressure. 

The inlet valve being closed at the angle — a — after 
the outer dead center, the piston displacement correspond- 
ing will be: 

1 
C^B^ = r — r cos aj ==- (1 — cos a^) 

2 

If we assume that each instant the pressure of the gas 
is equal to atmospheric pressure, the volume drawn in 
will be: 



TT 



d- 



V,^ = 



19 



1 
1 (1 — cos ai) 
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r^n i + cosa,] Q 

L * 2 J ^ 



The factor f = 

2 
is the displacement correction coefficient. Since / becomes 
greater with an increase in motor speed, the angle a, will 
be greater. 

when a, = 20°. 



= 50°. 



In hig]] speed motors with properly designed passages 
is possible to obtain pressures at the end of admission 




and R is said to be the volumetric compression. 
The theoretical volume drawn in is then: 
V. = V, (R — 1) 

In Figure 2. If we represent the displacements 
piston in abscissae as x and the ordinates p as tli 
pressure In kg. per squnre centimeter or lbs. per sq. 
we obtain the diagram of the cycle. 

The mean effective pressure or work required to draw 
the mixture into the cylinder during the admission stroke 
will vary in ditTerent engines from 1 to 4 lbs. per sq. inch. 




Fig. 3, Compression stroke 



Compression 

After closing the intake valve and during the 
of the stroke the gas is compressed until it occupies 
volume V;, which is the volume of the combustion chami 
The volume occupied by the gas during combustion be 



Intake stroke 



in excess of atmospheric pressure which increases the 
charging coefficient or volumetric efficiency. 

The volumetric efficiency in well designed motors varies 
from 807o to 07%. 

If V, is the displacement volume, and V, is the com- 
pression volume, then 

V. + Vj 



■ (3) 



of the 



■). 



41 



nte) 



--J5) 



.^=^^^s'^l 



-n - 
-n - 



A 



i??H 
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Fig. 1. Expansion stroke 



reduced by compression, the loss of heat to the walls is 
thereby greatly reduced. 

The effect of compression on the motor efficiency will 
now be examined. 

The Pressure p, of Compression 

The initial volume of the gas before compression is 
V, ^ V, -f V; and exists at a pressure p„, and the final 
volume, V,, at the end of compression has a pressure p,. 

It is assumed that the compression takes place rapidly 
and that there is therefore no exchange of heat between 
the enveloping walls and the gas, or that the evolution of 
compression is adiabatlc. 

PV" ^ constant for any given gas 
therefore 

P.V=" = Po(V, +¥,)" (4) 



Fig. 5. Exhaust stroke 



R — 4 to R = 6.8 with a mean value of R = 5.3, which 
corresponds to 132 lbs. per square inch pressure or 9 kg. 
per cm.-, metric. 

If the cylinder filling is poor, we must introduce the 
correction coefficient f, the pressure Po is then not equal 
to atmospheric when the initial volume is 



V, + f V, 

The corresponding compression pressure p, 
by the relation: 

P/V,^=(V,+ fV,)'' 

- V, + fv, 



ill be give 



The pres 
V, + V, 



n thi 



sure Po is practically atmospheric and the ratio 
the volumetric compression ratio R. 

p, = R'' when k = l.S 

The exact value of K depends on the nature of the fuel 
used in the mixture and is different for gasoline, alcohol 
and benzol and varies from K= 1.26 to 1.31. 

The limit for the pressure p, is set by the necessity of 
keeping the corresponding temperature T, at a lower value 
than the ignition temperature of the fuel — otherwise 
auto-ignition or pre-ignitian of the mixture will take place. 

In aviation engines the compression ratios vary from 



when V, = V, (R— 1) 

in consequence 

p,'=[l + f(H-l)]« 
The corrected volumetric compression is thei 
Vi + fV, 



R,: 



V; 



= l + f (R-1) 



For a compression ratio of R ;^ +.7 ^ 



= 110.25 lbs. per in.^ 
- 7.5 kg. per cu.^ 



With an inlet closing angle a, ^ 50°, f = .82, from which 
we get 

p/ ^ 6.8 atmospheres := 99.96 lbs. per in.^ 
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As a matter of fact^ the compression is not exactly 
adiabatic^ the gases are heated by contact with the cylinder 
walls^ piston head and valves. This heating increases the 
compression pressure in spite of the volumetric efficiency 
being at less than maximum value. 

The Temperature T^ of Compression 

Let Tj be the absolute temperature of compression and 
Tq the absolute temperature of the mixture before com- 
pression. 

From the equations of the condition of gases we know 
that 

TV* ~ ^ = constant 

in an adiabatic evolution we get 

v. + v. 



when 



then 



R = 



Ti = To R»* - ^ 



(6) 



If the temperature of the mixture before compression is 
15° C. = 59.5 Fahrenheit. 



then 



To = 273 -f 15 = 288° Cent. 
To = 460-(- 59.5 = 510.5° Fahr. 




Fig. 6. Suction stroke diagram 

and if the volumetric compression ratio R = 4.7 we get: 

.3 



Ti = 288 X 4.7 = 288 X 1.6 = 460° Cent. 

.3 



Ti = 5 1 9.5 X 4.7 =519.5X1.6 = 830.2 Fahr. 
The Thermometer temperature corresponding would be: 

ti = 460 — 273 = 187° Cent. 
t^ = 830.2 — 460 = 370° Fahr. 

If the motor cooling is insufficient the adiabatic ex- 
ponent K will then increase. 

The Work Lc of Compression. The compression of the 
gas in the combustion chamber requires a certain amount 
of work which, however, is given out again on the expan- 
sion stroke. 



If 

d = diameter of the cylinder 
1 = length of the stroke 
R = the volumetric compression ratio 
p^ =: the pressure of the gas at the beginning to com- 
pression. 
The elementary work of compression is: 

dLe = — pd V. 

The pressure of the gas each instant is p and the corre- 
sponding volume V 

pV = p„(V, + V,)" 



where 



1 

P = Po(V,-f V3)X — 

yk 



Then dLe = — Po( V, -f V,)*^V- '^dV 

integrating the above equation we get 



^c — Po(^^ + Vj)' f V— k(jy 

v» + v, 



'p 






s 

5 




Fig. 7. Suction stroke diagram 



The integral of the function being 

that of V— "^ is : 

1 1 



' 1 ^ 



[m+1 



Xm-fl 



X 



— k+1 — K-fl Y^-^ 

Integrating between the limits we get 



U = 



Po(V, + V,) 



' k — 1 



\.. 



(V, + V,) 



k — 1 



and considering the factor 



L.= 



Po(V, + V,) 



TECHNICAL ANALYSIS OF THE FOUR STROKE CYCLE 



23 



Replacing Vj by 



V. 



R — 1 



we get 



and finally 



PoV, / 1 \ /RX-l \ 

= X( 1+ ) X I l) 

k— 1 \ R—l / ^ / 



xd^l R 

Lc = Po X (R"-^ — 1) 

4(K— 1) R—l 



ir\ 



an 



when Vi = 



or 



L.= 



X 



4(k — 1) R — l 



R"^- 



.. (6) 
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Fig. 8. Suction strolte diagrams 
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Example. 

In a motor let: 

d == 12 centimeters = 4.72 in. 
1 = .13 meters = 5.11 in. 
R = 4.75. 

The piston area is 



w 



d2 



when 



= 113 cm.— 2 = 20.3 sq. in. 



k — 1 

R 1 =0.6 



R 



R— 1 



= 1.26 



and 



Lc = 267 ft. lbs. or 37 Kilogrammeters. 



The Mean Pressure of Compression P^m, The mean 
pressure of compression is the average pressure during 
the compression stroke. It is given by the relation 



rd^ 



rd2 



TTQ" TTQ" R1 

Lc = PimX Xl = X 



4(k— 1) R— 1 



R 1 



from which we get 
Pim = 



If 



(k-1) (R-1) 



R = 4.7 

R 1 = 0.6 



R 1 (7) 



R 



R— 1 



= 1.26 



K — 1 = .3 



We find pim = 25.74 lbs. per in.^ or 2.52 kg. per cm.^ 
The work of compression is by definition Pim, then: 



iri 



d2 



Lc = Pim X 1 



(8) 



Ignition and Combustion 

At the end of compression the mixture is ignited by 
means of an electric spark. Theoretically the propaga- 
tion of flame takes place instantaneously and the pressure 
rise due to combustion is correspondingly instantaneous, 
as is indicated by the full line in Fig. (3). Practically, 
this is not the case, as an appreciable period of time is 
required for the flame to spread through the entire mix- 
ture. 

Experiments have been made by Clerk, Callendar, and 
Hopkinson and others on the rates of flame propagation 
of gas air mixtures of varying proportions in closed ves- 
sels. The rates of propagation observed in these experi- 
ments are so low, that if combustion took place in an 
actual motor cylinder at the same rate, a high speed motor 
would be an impossibility. 



In an actual motor operating at 1,800 r.p.m. combus- 
tion and pressure rise takes place in l^ seconds, corre- 
sponding to about 26-28 degrees of crankshaft travel. 

It is, therefore, necessary to start combustion of the 
mixture 20 to 40 degrees before the inner crank dead 
center; in order to obtain the maximum pressure rise at 
the beginning of the expansion stroke. 

In Fig. (4) the line ED represents the theoretical 
pressure time curve. The actual pressure time curve is 
C^D^, showing the combustion begins before the dead cen- 
ter position and continues until the piston has commenced 
the out stroke, the maximum press being attained at D^. 

The whole question of ignition and combustion in an 
engine cylinder is extremely complicated and cannot be 
treated of in detail here. 

The Temperature T^ of Combustion 

The combustion of gasoline (petrol) produces 18,500 
B.T.U.'s per lb. (10,500 Cal. per kg.). If the mixture is 
composed of 1 lb. (1 kg.) of fuel and 20 lbs. (20 kg.) 
of air, the heat value of the mixture will then be 



18500 

21 
10500 



= 880 B.T.U.'s per lb. of mixture. 



21 



= 500 Cal. per kg. of mixture. 



The volume of gas drawn in at a pressure Po is : 

V, = V. (R — 1) 

If G is the weight of the mixture, the heat set free will be 

G X 880 B.T.U. 
G X 500 Calories. 

The combustion raises the temperature of the gas drawn 
in and also the burned gas contained in the clearance 
space. 

The volume is : 

Vi -f Vo = Vg X R having a weight G^. 

The gas in the combustion chamber is highly heated and 
at a pressure slightly greater than Pq. 
We then have 



G, 



VoR 



R 



G V2(R— 1) R— 1 

If Cv is the specific heat of the burned gas at constant 
volume, the increase of temperature dT^ will be given by 
the relation 

GR Metric 

dTi X Cv X = G X 500 (9) 

R — 1 English Unit 



whence 



500 R — 1 
dT, = X 



R 



Assume 



we get 



Cv = .25 
R =4.7 

dT, = 1,600 Cent. = 2,912 Fahr. 
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As a matter of fact, the temperature dT will hardly 
exceed 1,000° C. = 1,882 Fahrenheit, with a compression 
ratio R = 4.7. There have been many explanations of- 
fered for the discrepancy between the theoretical and 
actual temperatures attained. 

The most plausible explanation lies in the fact that the 
specific heat of the gas varies with the temperature, as has 
been found bv Mallard and Le Chatelier and Holban 
and Henig. 

Table (II) shows the specific heat as a function of 
temperature. 

Table (II). Specific Heat at Constant Volume 

Air Cv = 0.1666 + 0.000042t 

Carbon Dioxide. Cv = 0.1423 -f 0.000 167t 

Water Vapor. . . Cy = 0.3117 -f 0.000364t 

Nitrogen Cy = 0.1714 -|- 0.000043t 

Oxygen Cy = 0.1500 -f 0.000038t 

The loss of heat to the cylinder walls also prevents the 
theoretical temperature rise being attained. 

The products of combustion, Carbon dioxide CO,, and 
water vapor Hoo, dissociate at high temperatures, thus 
absorbing heat within the mixture. 

The dissociation temperature increases with the pres- 
sure. 

The temperature Tg of the gas after combustion is : 

T^ = Ti + dT, 

T, = To R** — ^ = the compression temperature 

Giving the equivalent value of dTj, the value of Tj be- 
comes 

500 R — 1 



or 



T, = ToR^~^ 



+ 



Cv, 



X 



R 



As in the preceding 

To = 273° + 15° = 288° Cent. 
To = 460 + 59.5 = 5 1 9.5 Fahr. 

Cy^ = .25 



To = 288 



Rk_^7 (R_ 



R 




Cent. 



Therefore when the compression ratio is R = 4.7 we get: 

To = 2,016° Cent. 

= 3,658° Fahrenheit 

to = 2,016° — 273° = 1,743° Cent, 
t, = 3,658 — 460 = 3,198 Fahrenheit 

The Combustion Pressure P.,. Fig. (3). The pressure 
Po after combustion is due to the increase of temperature 
of the mixture burning at constant volume. The variation 
of specific heat before and after combustion is so small a 
quantity as to be considered negligible. In other words 
the equation PT = BT is true, the value of B remaining 
constant, as was pointed out in the discussion of The 
Equations for the Condition of Gases. 

The pressure of the gas burning at constant volume is 
therefore proportional to the temperature: 

Pi T, 



when 



Pi 



288 R'' + 7 (R — 1) 




To R*'-' 



To = 288° Cent, also (510.5 Fahr. also) 
Pi = R»' 



Then 



P2 = R'' + 7 (R — 1) 10 

The increase of pressure due to combustion is : 

dPi = 7 (R — 1) 

The maximum pressure will actually be attained after 
the piston has commenced the expansion stroke, the actual 
pressure being slightly less than the theoretical calculated 
by means of the equation. 

Table (III). Compression and Combustion Pressures 



Compression 


Combustion Pi 


ressure 


Ratio Values of R 


Pj Theoretical 


Po Actual 


3.25 


20.4 


18 


3,5 


22.6 


20 


8.75 


24.8 


22.5 


4 


27 


25 


4.25 


29.2 


27.5 


4.5 


81.5 


30 


4.75 


33.8 


32.5 


5 


36.1 


35 



The Expansion Stroke, Fig. (4). The pressure after 
combustion being P^ and the corresponding gas volume 
F^f expansion continues until the gas volume is l\ -|- To. 
During the latter portion of the expansion the exhaust 
valve is opened and remains open during the period of 
the following stroke, the pressure rapidly falling to at- 
mospheric. 

The work of the Expansion Ld. If the expansion of 
the gas takes place adiabatically, the equation of condi- 
tion is: 



when 



pV»' = p.V^^ 



P = P2V2'' X — 



The elementary work of expansion is: 

dLd = pdV 



dLd = P2V, 



DV 



yk 



The total work will be 



Ld = poV 




v. + v, 



dV 



yk 



Integrating as we did for compression we get: 

p.\\^ r 1 1 



Ld = 



K— 1 R 



k— 1 



(V, + V,) 



k — 1 
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or 



Ld = 



P^V. 



when 



■Vo 



K— 1 



1 — 



R 



k — 1 



R 



1 



and in consequence 



Ld = 



P.V, 



(K-1) (R-1) 



1 — 



R 



k— 1 



TTi 



dn 



replacing Po b\' tj** -f 7 (R — 1) and Vj by 



— 4 



we get 



TTi 



d-1 



Ld = 



4(R— 1) 



X 



R»^ + 7 (R — 1) 



X 



R— 1 



1 — 



k — 1 



R 

This is the equation of work during expansion. 

The Mean Expansion Pressure Pom- This is the aver- 
age pressure on the piston during the entire course of the 
expansion stroke. It is given by the equation: 



w 



d^ 



Ld = poHi X XI 



(11) 



then 



R»^ + 7 (R— 1) / 1 \ 

P.ni = X(l ( 

(R— 1) (K— 1) \ R*'-* / 

Example. 

If the compression ratio is R = 4.7 

p, = R'* + 7 (R — 1) = 33.4 kg. per cm.^ 

= 475 lbs. per in.^ 
1 
1 =.37 



12) 



k — 1 



we get 



R 



Pjm =11 kg. per cm.^ 
= 156.4 lbs. per in.^ 



The above are theoretical values and are about 15 to 
20% greater than can be obtained in actual practice at 
present. The discrepancy lies in the fact that the cylin- 
ders are never entirelv filled with new mixture and the 
charging temperatures are at least 100° Cent. (212 Fahr.) 
in excess of the values assumed for T^o. 

The Pressure at the End of Expansion Pg. The value 
of Pa is given by the adiabatic: 



or 



P3(V, + V,)" = p.V,- 



P3= — 

R" 



when 



p,= R'' + 7 (R-1) 



then 



P3 = 



1+7 



(R-1) 
R'^ 



The Temperature at the End of Expansion T^. 
value for Tg is given by the adiabatic: 

rj^yk—i _ constant 

which gives 

T3(V, + V,)''-' = T,V,--i 



(13) 



The 



T,= 



R 



k — I 



(14) 



When the combustion temperature is : 

Rk + 7 (R — 1) 



288 



then 



T3 = 288 



R 



1+7 



(R-1) 
R** 



(15) 



Example, 



R = 4.7 

R^ = 7.5 

Pa = 4.4 kg. per cm.^ = 62.5 lbs. per sq. in. 

T3 = 1,267° Cent, also = 2,312° F. abs. 

tg = 994° Cent. = 1,822 F. abs. 

Owing to the imperfections of the cycle, the cooling 
action of the walls on the contained gas, the temperature 
in actual practice will be 10 to 15% less than the above 
values. 

The expansion line tends towards the isothermal, the 
value of the exponent K varying during the course of ex- 
pansion from K = 1.2 to K = 1.5. 

The Fraction of Work Available During Expansion. 
On the assumption that expansion continues to infinity, 
the expression 



Ld 



P.V,»^ /I 1 \ 

R_i Vv^*^-^ (V, + ¥2)*^-^/ 



If Vi is an infinitely large volume 



L'd = 



P V 



K— 1 



The fraction of this work available is : 



when 



p,V, 
Ld = [ 1 — 

K— 1 



Ld = Ld 1 — 






R 



k — 1 



Ld 






L'd 



k 1 



R^ — 



(16) 
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It will be seen that the available work during expan- 
sion increases as the volumetric compression ratio in- 
creases. 

The work lost is: 

L'd 
L'd — Ld = 



R»*- 



when 



L' = 



P2V: 



K — 1 



then 



L'd — Ld = 



p V 



(K— 1) R^-^ 



since 



po = R»^-4-7 (R — 1) 



V.= 



we get 

L' — Ld = 
or 

L' — Ld = 



R — 1 



(R-1) (K-l) 



X 



R^ + 7 (R— 1) 



R 



k — 1 



TT 



dn 



4(R— 1) (K— 1) 



X 



R^ + 7 (R— 1) 



R 



k — 1 



(17) 

The total loss of work is represented by the heat ap- 
pearing in the cooling water and exhaust gases. 

If the bore and stroke of an engine are expressed in 
centimeters (ft.) the losses may be expressed in kg. me- 
ters or ft. lbs. 

If the result is divided by the heat work constant Metric 
425 (English 778) the result will be expressed in Cal- 
ories (B.T.U.'s) 

Example : 

Bore = d = 1 2 centimeters = 4.72 in. 
Stroke = 1 = . 13 meter =5.12 in. 

The work of Expansion is 

Ld= 164 kg. meters = 1,180 ft. lbs. 

The total work is 

P0V2 



33.4 X ^d^l 



Li = 



K — 1 4(K— 1) (R — 1) 
Ld = 440 kg. meters = 3,168 ft. lbs. 

The total loss of work is 

440 — 1 64 = 276 kg. meters 

3168 — 1180^ 1088 ft. lbs. 
The fraction of work available is then: 



Water Jacket 
and 
Exhaust Loss. 



1 3 

1 =.37 =- 

R»^-^ 8 

This is the expression of the ratio of work appearing in 
the indicator Card to the work supplied by combustion. 

The Exhaust Stroke. Eig. 5. At the end of the ex- 
pansion stroke the exhaust valve opens, establishing com- 



munication between the cylinder and the atmosphere, and 
the pressure falls from P3 to atmospheric. 

The exhaust phase continues during the entire course 
of the next piston stroke. It has been assumed that the 
pressure in the cylinder during the exhaust stroke was 
equal to atmospheric, but the actual pressure is from 1.02 
to 1.20 times the atmospheric pressure. 

In actual practice, the exhaust valve commences to rise 
from its seat before the piston arrives at the bottom dead 
center. The angular advance on the crank pin circle is a.,. 

If the exhaust valve was not opened until the bottom 
dead center, the valve port area presented for the flow 
of the exhaust gas during the early portion of the exhaust 
stroke would be very restricted and a considerable back 
pressure on the piston would result, due to the resistance 
of the port. 

A considerable advance is therefore required, for the 
opening of the exhaust valve before the dead center to 
avoid the creation of an undue back pressure which would 
result in a loss of work. 

The closing of tlie exhaust valve is also slightly re- 
tarded at an angle a^ after the top dead center. 

During the period of this supplementary opening of 
the exhaust valve, the gas continues to flow from the cylin- 
der with the velocity it has acquired, and the valve ought 
not to be closed until this velocity is zero. 

The angular advance and retard given to the exhaust 
valve timing should increase as the piston speed increases. 
Ordinarily, the advance ought not to exceed 45 or 50 de- 
grees before the bottom dead center, and the closing of 
the valve should occur between 10 and 15 degrees after 
the top dead center. 

The exhaust gases flow from the cylinder under an 
immense velocity varying from 800 to 1,000 meters per 
second (2,625 to 3,280 ft. per second). 

The temperature of the exhaust gases is but little af- 
fected by a change in motor speed or cylinder cooling and 
varies from 800 to 850° Cent. (1,472°-1,562° F.) when 
the combustion in the cylinder is nearly complete. If the 
mixture is either very lean or very rich these temperatures 
will rise to 1,000° or 1,200° Cent. (1,832°-2,11)2° F.). 
The exhaust valves then quickly heat to a bright red 
color. 

The character of the mixture distribution can be j udged 
by the particular shade of red to which the exhaust valves 
are heated. 

A great deal of trouble has been experienced with the 
burning away of exhaust valves due to the high tempera- 
tures under which they are required to operate. 

Steels having a composition of 12% of tungsten and 
not more than .20% of carbon prove fairly satisfactory, 
but high chrome steels are even better, the percentage of 
chromium running up as high as 20%. 

The Actual Indicator Diagram of the Four 

Stroke Cycle 

The pressure, volume diagrams used to illustrate the 
theoretical discussion of the phases of the cycle in what 
has gone before are but an indication of the successive 
evolutions through which the mixture passes. In actual 
motors we have' to deal with the resistance to flow or 



friction through the valves, ports and manifolds, the time 
required for the propagation of flame through the mix- 
ture during ignition and the loss of heat to the cylinder 
walls, valves and piston, all of which modify the pressures 
and temperature, occurring during the cycle of operation. 
The actual pressure volume diagrams are therefore con- 
siderablv different from the theoretical. 

Fig. (6) is the reproduction of an actual indicator dia- 
gram. The exhaust valve is opened before the end of 
the expansion stroke at the point i in the diagram, corre- 
sponding to 50° advance before the lower dead center. 
The pressure rapidly falls from i to e at the end of the 
piston stroke. 

In aviation engines which operate at fairly high piston 
speeds (1,800 to 2,400 ft. per minute) 548-762 meters 
per minute, the pressure during the exhaust stroke is 
always greater than atmospheric, following the line in the 
indicator diagram for e to a. 

At the end of the stroke the pressure is still slightly 
above atmospheric and this argues for delaying the closing 
of the exhaust valve until the piston has commenced the 
next stroke and the pressure has dropped to atmospheric 
or slightly below. 

In a multiple cylindered motor where three or more 
cylinders are fed through a manifold by a single car- 
buretor, the average pressure in the manifold is from 25 
to 50 mm. of mercury below atmospheric (atmospheric = 
760 mm. = Standard Barometer) pressure. If the inlet 
valve is opened at the top dead center, the pressure, of 
the burned gas in the clearance space being a pound or 
two (.5 to 1 kg.) above atmospheric, a reversal of flow 
will take place, the burned gas expanding into the inlet 
manifold until the displacement of the piston on the next 
or inlet stroke produces another reversal of flow into the 
cylinder. To avoid this circumstance, the opening of the 
inlet valve should be delayed until 10 or 15 degrees after 
the inner or top dead center. This valve timing also 
assists the carburetor action by preventing a reversal of 
flow through the carburetor. 

The inlet valve should remain open until J^5 or 50 de- 
grees after the outer or bottom dead center. 

During the admission stroke the column of gas flowing 
through the inlet manifold on its way to the cylinder 
acquires a certain velocity depending on the speed of the 
engine, the size of the manifold and the number of cylin- 
ders fed from a single carburetor. The Kinetic energy 
of this column of gas causes it to continue to flow into the 
cylinder after the piston has come to rest at the bottom 
dead center, and during a portion cf the next stroke or 
compression stroke. When the static pressure of the gas 
in the cylinder is equal to the total pressure of the column 



of gas flowing to the cylinder, a condition of equilibrium 
is established. 

The point of closing the inlet valve should correspond to 
the time at which this equilibrium is established. Unfor- 
tunately, the angular timing of the inlet valve which is 
flxed when the engine is designed corresponds to one pa^ 
ticular motor speed only. Below and above this speed 
the benefit of the kinetic energy of the column of inlel 
gas cannot be utilized to advantage. 

The diagrams Fig. 8 illustrate the foregoing analysis. 

The function of filling and emptying the cylinder on 
the admission and exhaust strokes, represents a certain 
amount of work which is best expressed in terms of mean 
efl^ective pressure, since these values can be determined 
from the indication diagram of the cylinder. This repre- 
sents negative work which must be subtracted from the 
work done by the gas in driving the piston on the expan- 
sion stroke. 

Table IV. The Effect of Compression Ratio on the 
Pressure, Temperature and Efficiency 



Compression Ratio 






1 
1 


R 


R13 


R» 


R' 


10. 


19.950 


1.995 


0.499 


1.1 


1.132 


1.029 


0.028 


1.2 


1.268 


1.056 


0.053 


1.3 


1.406 


1.082 


0.076 


1.4 


1.549 


1.106 


0.096 


1.5 


1.694 


1.130 


0.115 


1.75 


2.070 


1.183 


0.155 


2. 


2.462 


1.231 


0.188 


2.25 


2.870 


1.275 


0.216 


2.50 


3.291 


1.316 


0.240 


2.75 


3.725 


1.355 


0.262 


3. 


4.171 


1 .390 


0.281 


3.25 


4.629 


1.424 


0.298 


3.50 


5.097 


1.456 


0.313 


3.75 


5.575 


1.487 


0.327 


4. 


6.063 


1.516 


0.340 


4.25 


6.560 


1.544 


0.352 


4.50 


7.066 


1.570 


0.363 


4.75 


7.579 


1.596 


0.373 


5. 


8.103 


1.621 


0.383 


5.50 


9.172 


1.668 


0.400 


6. 


10.270 


1.712 


0.416 


6.50 


1 1 .400 


1.753 


0.430 


7. 


12.550 


1.793 


0.442 


7.50 


13.730 


1.830 


0.454 


8. 


14.930 


1.866 


0.464 


8.50 


16.150 


1.900 


0.474 


9. 


17.400 


1 .933 


0.483 


9.50 


18.670 


1 .965 


0.491 



CHAPTER V 
THE WORK AVAILABLE AND EFFICIENCY 

If we neglect the work during admission and discharge The apparent efficiency n^ varies in value from n<i == .85 

of the mixture from the cylinder, the work available dur- to n^ = .95 depending on the carburetion, the speed of 

ing the cycle is the work produced during expansion rotation and the degree of leakage past the valves and 

minus the work of compression or: piston. 

The pressure rise due to combustion and the work of 

^ ^ expansion absorbs N calories or B.T.U.'s of heat and 

The equation for Ld is: makes available L kilogrammeters or ft. lbs. of work or 

pk _L /'P \ ^^ calories AL, B.T.U.'s. 

J ^ ^' ^ ^ ^y The efficiency of this transformation is 

i-d — X X 

4(K-1) R-1 AL 

1 \ nt= (3) 

^ f If ni is the indicated thermal efficiency then 

and the equation for Lc is: 

ALi 

-d^l RW 1 \ n,=— (4) 

Le = X 1 — - N 

4(K— 1) R— 1 \ R*'-' / 

and 

Combining we get ^^ ^ ^ X ^^ (5^ 

Trdn / 1 \ 7(R — 1) Further 

L = X I 1 I X I^ "m is the ratio of the work available to the work 

4(K — 1) \ R*^~W R — 1 appearing at the motor crankshaft (said to be the me- 

<^r chanical efficiency of the motor as a machine), the effective 

7^' d^l / 1 \ work efficiency is: 

L = 1 (1) 

4(K— 1)\ R"-'/ ne = n, X nm = nt X HmX Hd (6) 

The mechanical efficiency Wm varies from .75 to .95 in 

^ , . . ' different motors. The value of Um for a given motor may 

/ 1 \ ^^ determined by driving the motor crankshaft with an 

L-_ jg gg d-1 I 1 I Cla) electric motor at various speeds on a torque dynamometer. 

\ R*' "■ V '^^^ horsepower corresponding can then easily be calcu- 

lated. The values for Um determined in this way are 

The available work L is the work appearing in the sensibly equal to the values occurring when the motor is 

theoretical indicator card. It is equal to the area of the jj^ normal operation. 

diagram whose abscissae are the displacements of the pis- If p„ is the mean theoretical pressure and p„ the mean 

ton, multiplied by the area of the piston and is termed the indicated pressure then : 
mean available work. 

Pi 

The Efficiency of the Cycle = "d (7) 

Let , ^"^ 

T .1 1 • rv lu 1 • • • i.u Again, if pe is the mean effective pressure correspond- 

L = the work m ft. lbs. or kir. ins. appearing in the f ^i j i. i . ., , , - , 

theoretical indicator diagram. '"» *" ^^^ P"^" ^^^'"^'^^ «* ^^^ "«*'" crankshaft, then : 

Li = the corresponding work in the actual indicator Pe Pe 

diagram. — = nm and — = nd X nm (8) 

P P 

Owing to incomplete combustion, the loss of work dur- 
ing admission and exhaust and the loss of heat to the When a motor is being tested on the dynamometer, it 
cylinder walls, etc., the value of Li is always less than L. consumes a certain quantity of fuel per cycle correspond- 
The apparent efficiency of the cycle is therefore: ^^^ ^^ ^' calories or B.T.U.'s, and the work produced at 

the motor crankshaft is Le. 
L, 

nd = — = card factor (2) The practical efficiency or fuel consumption efficiency 

L is: 

29 



30 
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n 



ALe 

D' 



(9) 



The following calculation will illustrate the above equa- 
tions. 

Part of the fuel consumed is incompletely burned re- 
sulting in the formation of Carbon (C) or Carbon monox- 
ide (CO). This is due to the fact that the liquid fuel is 
poorly atomized^ and as a consequence, the distribution 
and vaporization of the liquid is incomplete. 

If nc is the figure of efficiency for combustion and if n' 
is less than Ue^ we have: 

n =neXne (10) 

Let nt = .37 

Hd = .90 

Hm = .90 
then ne = nt X Ud Xnm = 0.29 

If n' =^ 0.24 = ratio of the thermal equivalent of the 

brake horsepower to the thermal value 
of the fuel consumed per brake horse- 
power — then the efficiency of com- 
bustion of the fuel is: 

24 

nc = — =.82 

29 

Further^ if the fuel consumption of a motor is G kgs. or 
lbs. per horsepo'wer hour^ the consumption per second 
will be 

G.H.P. 

, H.P. = Horsepower. 

3600 



When the heat value of the fuel is, 
10500 Calories per kg. 

18500 B.T.U. per lb. 
the motor consumes 

G.H.P. 

X 10500 Cal. per sec. 

3600 (Metric) 

G.H.P. 

X 18500 B.T.U. per sec. 

3600 (English) 



Heat value of gasoline. 



Fuel consumption per 
second. 



and the power delivered by the motor per second is, 

H.P. X 75 Kilogrammeters 
H.P. X 542.25 ft. pounds 



H.P. X 550 ft. pounds 

H.P. X 75 

= Calories per sec. 

425 
H.P. X 542.25 



778 
H.P. X 550 



= B.T.U.'s per sec. ^ 



778 



== B.T.U. 's per sec. 



f Metric Power 

I Metric Values 

f Metric Power 

1 English Values 

/English Power 

.English Values 

Metric H.P. 
Metric Values 

Metric H.P. 
English Values 

English H.P. 
English Values 



If n' is the figure of practical efficiency. 



n 



n 



n 



75 




H.P. X 425 


(Metric Efficiency) 
(Metric Values)' 

(lla) 


G.H.P. X 10500 


3600 




542.5 




H.P. X 778 


(Metric Efficiency) 
(English Values) 

(lib) 


G.H.P. X 18500 


3600 




550 




H.P. X 778 


(English Efficiency) 
(English Values) 

(lie) 


G.H.P. X 18500 



3600 



and 



1 



n 



n = 



16.5G 
1 

7.5G 



(Metric) (12a) 



(English) (12b) 



The Hispano-Suiza engine of 150 h.p. @ 1,400 r.p.m. 
has a fuel consumption of 230 grams per h.p. hour 
(.506 lbs. per h.p. hour). 

d=120 mm. = 4.62 in. = Bore 
1=130 mm. = 5.11 in. = Stroke 
R == 4.75, the compression ratio 

The theoretical thermal efficiency is: 

1 

nt = 1 = 3.73 

.3 

4.75 

The practical thermal efficiency is: 

1 
= = 0.26 



n 



16.5 X .230 



1 



n 



= 0.26 



(Metric Values) 



(English Values) 



7.5 X .506 

Or for every 100 units of heat supplied 26 units appear in 
useful work. The brake thermal efficiency of this motor 
is 26%. 

The brake thermal efficiency of water cooled aviation 
motors varies with different engines, depending on the 
bore, stroke ratio, the compression ratio, the type of 
carburetor, and the distribution of the mixture to the 
cylinders. It varies with the speed, throttle position and 
load factor. In practice the fuel consumption varies 
from 180 to 250 grams (.396 to .55 pounds) per brake 
horsepower hour. Values below 230 grams (.506 lbs.) 
are exceedingly good and are obtained on only a very few 
types of motors. When the consumption exceeds 250 
grams (,55 lbs.) per h.p. hour, the engine is suffer- 
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ing from bad distribution, low compression, bad timing 
of the valves, or badly fitted parts. Late ignition tim- 
ing is also a prolific cause of exaggerated consumption. 

It is interesting to observe that the value of 180 
grams (.396 pounds) per b.h.p. hour was obtained on 
the Eight Cylinder Peugeot motor (100 mm. bore x 180 
mm. stroke, 200 h.p. at 2,000 r.p.m. and that the Stroke, 
bore ratio was 1.8. The motor although very economical, 
was exceedingly heavy and was abandoned for war pur- 
poses in 1916. 

Heat Balance for Engines 

The thermal losses in engines varies depending on the 
type. The distribution of heat is indicated in tabular or 
diagrammatic form and is termed the Heat Balance. 

Heat Balance of Water Cooled Engine. 
Distribution of Heat 





Calories 


B.T.U.'s 


% 


Useful work — 








shaft power 


26 


26 


26 


Cooling water loss .... 


19 


19 


19 


Exhaust gas loss 


40 


40 


40 


Frictional work — 








Piston rods, etc 


6 


6 


6 


Magnetos, pumps . . . 


1.5 


1.5 


1.5 


Radiation, heat bore in 








oil, etc 

Total 


7.5 


7.5 


7.5 


100 Cal. 


lOOB.T.U. 


100% 

. 



The Theoretical Thermal Efficiency Wf The theoret- 
ical thermal efficiency is: 



Energy supplied minus the energy lost 



Ui 



nt = l 



Energy supplied 
Energy lost 



Energy supplied 

Fundamentally the energy of a gaseous mixture de- 
pends only on its temperature. If U is the energy of a 
body of gas, its variations as a function of temperatures 
are: 

(DU = CvdT) 

Ti == The absolute temperature of the gas mixture just 

prior to ignition. 
Tj = The absolute temperature of the gas mixture after 

ignition. 
T3 = The absolute temperature of the gas mixture at the 

end of expansion. 
To = The absolute temperature of the gas mixture at the 

end of admission. 
The Thermal energy of the gas mixture at constant vol- 
ume is: 

dU, = Cv (Tj — T,) (13) 



The energy lost at the end of expansion is: 

dUj = c, (T, — TJ (14) 

The efficiency then is: 



dU, T,— T, 

nt = l =1 

dUi Tj — T, 

The second adiabatic equation is: 

T V*^— * = constant 
from the above we get. 



(15) 



whence 



or 



also 



1 1 Al. 


• • • • 


V V, / 




T, — T„ X 




3 "^O/N • 




To T, 

T, 




T.-T, 




T. 




n, — 1 




Tx 




1 
1 





(16) 



(17) 



(18) 



(19) 



when 



R"*-^ 



K— 1.3 nt = l — 



(20) 



1 



R 



.3 



(21) 



The above equation shows that the thermal efficiency is a 
function of the compression ratio, i.e., when the volumetric 
compression ratio is increased the efficiency increases. 



When 



R = S 



R = 4 



R = 5 



R = 6 



1 

nt = l =.281 

3.3 



nt = l = .341 

1 

nt= 1 = .383 

5-3 

1 
nt = l =.416 



6 



.3 



With any given mixture strength the pressure, tempera- 
ture and efficiency of the cycle increase with the com- 
pression ratio. 



CHAPTER VI 
METHOD OF CALCULATING THE POWER OF AN ENGINE 

The power of an engine is the units of work it is able Simplifying and replacing K by 1 .3 we get : 
to supply per unit of time. In the metric system of . . 

evaluation^ the units of work per second is taken as the wv I I \f f * ( a. \ 

power, but in the English system of evaluation the power * g,Q \ R*^ J ^ 

is the units of work per minute. 

xd^ln / 1 \ 

1 Metric Horsepower =542.25 ft. lbs. per second. H.P. = ( 1 I English Equivalent (4b) 

1 Metric Horsepower = 75 kilogrammeters per second. 442.9 \ R-^ / 

1 English Horsepower = 550 ft. lbs. per second. 

1 English Horsepower = 33,000 ft. lbs. per minute. Equations la and lb give the metric Horsepower of an 

engine having x cylinders, or being the Revolutions per 
Let minute. 

X = the number of cvlinders. 
n = the speed or revolutions per minute. ^ = diameter of cylinder in centimeters or inches. 

d = the diameter of the cylinder. ^ = ^^""^^^ ^" ™^*^'« ^' ^*- 

1 = the length of the stroke. ^ = Volumetric compression ratio. 

1 Metric h.p. = 1 English h.p. multiplied by .98. 
If L = the work done during two revolutions of the crank, 

the work per second in one cylinder will be: ^^^ ^'^' ^^ *^^ ^'^^^ cylinder Hispano engine calcu- 

lated by the equations la and lb will be: 
L n 18.33 d^l n / 1 \ 

— X — = ( 1 ) Metric Units. d = 1 20 mm. = 4.72 in. = Bore. 

2 60 120 \ R**~~^ / 1=130 mm. = 5.11 in. = Stroke. 

n = 1 ,400 = r.p.m. 
and if the motor has x cylinders, the work done will be x = 8 cvlinders 

18.33 xd'ln / 1 \ R = 4.75, the compression ratio. 
I 1 I Metric Units. ... (la) / , v 

^^^ \ ^ / for the expression j 1 1 = .373 

18.33 xd In / 1 \ \ R-V 

I 1 English (lb) 

120 \ R'^-W 8 X 144X .1.^ X 1400 

Metric H.P. = X .373= 128 

The product of the indicated efficiency n^ by the me- 613 

chanical efficiency of the motor Um will be taken as .80. (Metric Units) 

The shaft power per second of the motor will then be: « v^ ^^ ^ v ^ ^ . . 

^ ^ 8 X 22.27 X .426 X 1400 

.80 X 18.33 xd-ln / 1 \ Metric H.P. X .373 = 128 

( 1 Metric (2a) 442.9 

120 \ R"^- V (English Units) 

.80 X 18.33 X d-ln / 1 \ The actual h.p. of the Hispano engine is 145 h.p. at 

( 1 I English Equivalent 1,400 r.p.m. which is considerably better than the value 

120 \ R^ — ^J (2b) predetermined by the formula, indicating that the com- 

rpv I.- I . i? ^u bustion efficiency and mechanical efficiency are excellent. 

Ine equations above are expressions of the power per sec- j * v. 

ond in kg. meters or ft. lbs. 

The Horsepower per second will be Calculation of the Indicated Mean Effective 

.80 X 18.33 X xd=^ln / 1 \ Pressure P„, 

H.P. = I I 1 Metric (Sa) The work corresponding to the mean effective pressure 

75 X 120 \ R"^- V is: 

.80 X 18.33 X xd^ln / 1 \ 77r d^l / 1 \ 

H.P. = 1 L = 1 (5> 

542.25X120 \ R'^-V 4(K — 1) \ R** - ^ / 

English Equivalent. . (3b) then 

32 
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irdn lir d^l / 1 

PmX = I 

4 .4(K— 1) \ R^'-^ 



. . . (6) 



and if K=1.3 



K — 1 = .S 



and 



Pm 



= 23.33 (1 I Metric (6a) 



Pm = 331.75 ( 1 1 English Equivalent 



(6b) 



If 

and 



R = 4.75 then ( 1 1 = .373. 

R-3 



p^ = 23.33 X .373 := 8.7 kg. per cm. Metric. 

p„ = 331.75 X .373= 123.7 lbs. per sq. in. English. 

If we wish to calculate the power of an engine from the 
mean indicated pressure pm we have the equation: 



ri.P.m — 



H.P.m 



xpmd^ln 

613 X 23.33 
xpmd^ln 

442.9 X 331.75 



Metric H. P. 

Metric Values (7a) 

English Values 

Metric H.P (7b) 



The brake mean effective pressure pe- 

This value pe corresponds to the shaft horsepower and 
is given by the equation: 



_ HPeX 75X60X2 Metric Values 

P*~ 7777, 3 Metric H.P (8a) 

a X 1 X n X Jc 

_ HP, X 542.5 X 60 X 2 English Values 

P« ~" TTTTT 7, Metric H. P (8b) 

a X 1 X n X X 

_ HPe X 550 X 60 X 2 E„gii,h Values 

^'~ aXlXnXx ^"«"''' "-P («^> 

The expression 8c, 1 H.P. = 550 ft. lb. sec. 

The value of p© and that of HP© depend on the mixture 
strength as well as the compression ratio and the admis- 
sion temperature. In the development of the various 
equations used to calculate the pressures, temperatures, 
units of work, etc., the assumption has been used that the 
mixture strength was 500 Cal. per kg. (880 B.T.U.'s per 
lb.) which value corresponds to the ratio: 

Air = 20 lbs. or kgs. 



Fuel = 1 lb. or kgs. 



The above value for the combustible mixture is capable 
of giving very high thermal efficiencies referred to brake 
horsepower, but the maximum brake horsepower of any 
given engine operating on gasoline will only be obtained 
with very much richer mixtures. 

The practical values for the brake mean effective pres- 
sure varies from 6 tolO kgs. per cm.^ (85.32 to 142.2 lbs. 
per squai'e inch.) The latter value has been obtained in 
only a very few engines, up to this time of writing, and 
it is unlikely that this value will be exceeded operating 
the four stroke cycle motor on gasoline, without consid- 
erably modifying the present characteristics of the cycle. 



CHAPTER VII 



THE POWER VARIABLES 



In the chapter on the " Method of Calculating the 
Power of an Engine/' the formula given for predetermin- 
ing the power of an engine was 



X d^l n 



H.P.= 



1 — 



613 



R 



Metric (la) 



.3 



X d^l n / 1 

H.P. = ( 1 ) English Values (lb) 

442.9 \ R ^ 

in which 

X = number of cylinders. 

n = revolutions per minute = R.P.M. 

d = the diameter of the cylinder in centimeters 

or inches. 
1 = the stroke of the piston in meters or ft. 
R = volumetric compression ratio. 

613 and 442.9 = Metric and English constants for a 
mixture strength of 

Air 20 



Fuel 



1 



When pm is the resultant mean pressure on the piston 
the equation for the horsepower becomes: 



H.P. = .80 



X Pm X d^l n X fl- 



X Pm X d^l n 



H.P. = .80 



4 X 2 X 60 X 75 14300 

Metric (2a) 

X Pm X d^l n X TT X Pm X ^d^l n 



H.P. = .8 



4 X 2 X 60 X 542.25 83,000 

English Values (2b) 

X Pm X d^l n X 'T X Pm X ^d^l n 



4 X 2 X 60 X 550 332,000 

English H. P (2c) 



The mean speed of the piston in meters or ft. per sec- 
ond is 

In 
Um = — . Replacing 1 n in equations (2a, 2b, and 2c) by 
30 



H.P.= 



X Pmd^Um 



H.P.= 



476 

X Pmd'Um 

2766 



Metric H.P. 
Metric Values 



(3a) 



Metric H. P. 
English Values 



(3b) 



H.P.= 



X Pmd^Um 



2776 



English Values 
English H.P (3c) 



The Horsepower per Unit of Displacement 

Let Vd = the total displacement of the engine per cycle 

per second. 
Vd = the volume in liters or cubic inches, 
then 



Trd^ 
Vd = X Um 

40 

Trd^ 
Vd = X Um 

20 
Replacing x d^Um by 



Replacing x d^Um by 



40Vd 



20Vd 



H.P.= .0263 Pm Vd 
H.P.=.00229 Pm Vd 



Liters 

Metric (4a) 

Cubic Inches 

English (4b) 

in equation (3a, 3b) and 



in equation (3c) we get 

Metric Values (5a) 

English H.P (5b) 



The equation 5a and 5b permit predetermining the 
power of an engine when the mean pressure acting on the 
pistons and the displacement is known. 

Further, if the displacement corresponding to the ad- 
mission phases only is Ve, then 

Vd 

Ve= — 

4 
and the equation for the power becomes 

H.P.= .12 Pm Ve Metric (6a) 

H.P.=.088 Pm Ve English (6b) 

The equation for the mean indicated pressure is: 

Pm = 23.33 ( 1 I = kgs. per cm.^ Metric (7a) 

R-V 



'm 



= 331.75 ( 1 ) = lbs. per in.= English (7b) 

V T> .3 / 



R 
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The power theoretically is determined when we know 

X, the number of cylinders, 

n, the number of revolutions. 

d, the bore of the cylinder. 

1, the stroke of the piston. 

R, the compression ratio. 

In actual practice other factors intervene, affecting the 
power delivered, thus modifying the prevision of theory. 
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The principal factors affecting the power in practice 

e. 

The shape of the combustion chamber. 

The character of the mixture distribution. 

The size of the valve parts. 

The timing of the valves. 

The size and shape of the admission and exhaust 

pipes. 
The cooling of the cylinders. 
The lubrication of the engine. 
The location of the spark plugs. 

The majcimum power of an engine. 

According to the equation: 



H.P.= 



X pm d^Um 



Metric 



H.P.= 



476 

X Pm d^Um 



2776 



English 



The power of an engine increases proporiionateltf to: 

The number of cylinders. 

The mean indicated pressure. 

The mean piston speed. 

The square of the cylinder diameter. 

The above theoretical deductions are modified by certain 
her phenomenon which must be taken into account. 

As the angular speed of an engine increases, the velocity 
: the mixture in the inlet pipes increases very rapidly, 
;sulting in an increasing loss of pressure at the end of 
le admission stroke. The power losses due to mechan- 
al friction and inertia of the parts of the engine increases 



with the speed. The torque and as a consequence, the 
power of the engine decreases. There exists, then, a best 
speed for the engine corresponding to a certain linear 
speed of the piston at which speed the maximum power is 
available. 

Theoretically the mean indicated pressure pm depends 
only on the compression ratio. In practice the value of 
Pm increases with the bore of the cylinder, since the ratio 
of the area to the volume of the combustion chamber de- 
creases and as a consequence the loss of heat to the walls 
of the cylinder decreases. 

On the other hand, if the bore is small, the temperature 
of the gas at the end of the admission stroke is less. We 
should then be able to use higher compression ratios with 
long stroke, small bore motors. 

Horsepower formulas based on stroke-bore ratios are 
in practice of little value, since other variables of design 
permit increasing power to be developed from a given 
sized engine each year. It, however, is possible to pre- 
determine the power of motors having a given set of char- 
acteristics when the type has been well established, as we 
may see in the Hispano, Mercedes, and other motors 
which are well known. 

The brake mean effective pressure pe for engines using 
gasoline having a heat value of 10,500 Cal. per kg. 
(18,500 B.T.U.'s per lb.) varies from 7 to 10. Kg. per 

2 

cm. (90.4 — 142 lbs. per sq. in.) in water cooled fixed 
cylinder motors. 

In rotating motors. 

2 

Pe = 6,5 — 8 kg. per cm. 

Pe = 92.43 — 1 13.76 lbs. per sq. in. 

The horsepower per liter (cubic inch) for fixed, xvater 
cooled engines is following the above values. * 
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CHARACTERISTIC PERFORMANCE 



The three elementary performance curves of an engine 



are: 



1st. The power H,P. as a function of the angular 

speed it\ 
2nd. The mean torque C at the motor crankshaft as 

a function of the angular speed w. 
3rd. The fuel consumption per horsepower hour as 

a function of the angular speed w. 
The shaft horsepower is: 

C X w 
H.P. = — Metric (la) 



75 

CXw 



H.P.= 



English (lb) 



550 



The equations la and lb give the power per second in 
metric and English values. C being respectively the 
torque in kilogrammeters and ft. lbs. 

27rn 
Replacing w by we get 



60 



Cn 



H.P.= 



716 
Cn 



H.P.= 



Metric (2a) 



English (2b) 



5253 



After the speed of a motor has passed a certain value 
the volumetric efficiency commences to decrease and the 
torque and power correspondingly decrease. 

The curve of power is limited in practice by: 
1st. The admission velocity. 

2nd. The inertia of the valve operating mechanism. 
3rd. The mechanical efficiency of the motor. 

The analysis, invention and development work of the 
past fifteen years directed upon these three power limit- 
ing factors has resulted in the development of from four 
to five times the power per unit of displacement in 1918 
that was received in 1903. 

The diagram. Fig. 1, illustrates the characteristics of an 
engine of 200 h.p. as a function of angular speed. 

The torque curve may be derived graphically from the 
power curve. In testing aviation motors we find that the 
fuel consumption at maximum power is in excess of the 
consumption at three-fourths power. To reduce the 
power, the carburetor throttle is partially closed, result- 
ing in a greater depression in the intake manifold. For 
every engine there is a critical value for the depression 
which corresponds to the best vaporization of fuel to- 
gether with a fairly high volumetric efficiency. The best 
fuel consumption corresponds to the critical depression. 

The results of tests of the Lorraine Dietrich 220 h.p. 
motor illustrating the effect of the depression in the fuel 
consumption are given in Table I. 



Table I. Lorraine Dietrich 8 Cylinder 120x170 

mm. 200 H.P. 



R.p.m. 


B.h.p. 


Depression 
Water Column 


Fuel Consump- 
tion per h.p. 
hour 


Me.p. 

1 


1.536 

1.510 

1.450 
1,360 


248 

234 

205 
163 


MM. In. 

210 9.44 

420 16.53 

750 ?9.52 
1.400 55.10 


Or. Lbs. 
250 .55 

220 .484 

215 .473 
228 .501 


133.9 

128.6 

1171 
98.9 


1 1 

FuU 
thrott'e 
partial 
Tab. 



Similar tests of other aero engines show analogous re- 
sults. 

The flying radius and the speed of an aeroplane are 
also functions of the depression. Tests of the Lorraine 
Dietrich 200 h.p. motor in a A. R. aeroplane gave the 
following results. The tank capacity was 300 liters (79.2 
gallons). 

Table II. Effect of Depression on Flying Radius 



Depression at Carburetor 




(Water Column) 


Hours of Flight 


mm. In. 




240 


9.44 


3 hrs. and 30 min. 


420 


16.53 


4 hrs. and 10 min. 


750 


29.52 


5 hrs. 


1400 


55.10 


6 hrs. 



Table III. Effect of Depression on Speed 



Depression at Carburetor 


Speed 1 


mm. 


In. 


Kilometers 


1 
Miles 


240 

420 

750 

1400 


9.44 
16.53 
29.52 
55.10 


160 
156 
150 
140 


99.2 

96.72 i 
93.00 
86.80 



The corresponding distance that can be traveled on a 
tank of 300 liters (79.2 gallons) is given in Table IV. 

Table IV. Effect of Depression on Distance 

Flown 



Depression at Carburetor 
(Water Column) 


Distance 


mm. 


In. 


Kilometers 


Miles 


240 

420 

750 

1400 


9.44 
16.53 
29.52 
55.10 


500 
600 
700 
760 


310 
372 
434 
471.2 



It will be seen from the tables of Depression that the 
hours of flight and distance covered on a given tank ca- 
pacity can be very materially increased by operating the 
motor with the throttle partly closed. The variations of 
speed show that the fuel consumption can be reduced as 
much as 20% decrease in speed. 
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CHAPTER IX 
THE EFFECT OF ALTITUDE ON POWER 

Variation of Power with the Barometric Pressure Example. 

Case 1. Barometric pressure = 740 mm. 29 in. 
In the theoretical indicator of the four stroke cycle g^^ Level " " = 760 mm. 29.9 in. 

Fig. 1 let: 

o it tt TT T> son 

ab represent the admission line n.r. dvvj 

be " '* compression " '^'^^ 

cd " " combustion " H.P. = 300 X — =292 

de expansion 

ebf " ** exhaust " 

, Barometric pressure = 780 mm. 

Po = atmospheric pressure 

V, = the cylinder volume "^"^ 

* "^ T_T p son V — S08 

Vj = the compression chamber volume. m^-mt , o\j /\ 

Suppose the atmospheric pressure po is changed to Apo, j^ ^j^^ ^^ove calculation it was assumed that the speed 

4&nd now let us examine the changes in the cycle. ^^^ temperature of the air drawn in remain constant. 

• D If HPq is the power at the ground where the pressure 

is po and the altitude is changed to where the power is 
The adiabatic equation for compression is: H.P., the equation for the power is: 

pv^ = Po(V. + V.)^ (1) H.P. = HP.X-^ (7) 

The ordinates of the equations, p, will be multiplied Po 

■>y ^' The relation of the pressures as a function of the alti- 

The pressure of compression pe will be: tude is given by Radau's law: 

Api = PoR*" p 

where R = compression ratio h = 1 84-00 — = altitude in meters . (8a) 

k = ratio of spec, heats Po 

If the temperature of the mixture To has not changed. , ^^•^^ i^-i^ j • ^ ^ /ot-\ 

... , . . .„ , ^ h = 60700 — ^altitude in feet ...(8b) 

the temperature at the end of compression will be: 

Po 

Tj = TqR*^ "~^ (2) The variation of power as a function of altitude is: 

Since the thermal capacity of the mixture is independ- HP^ 

ent of the pressure, the rise in temperature due to com- "= 18400 log (9a) 

bustion wfll be dT^ and the temperature at the end of H.r. 

combustion will be: HP^ 

h = 60720 log (9b) 

T, = T, + dT, (3) ^H.P. 

We know that: Example. 

P2 Tg A motor gives 1,000 h.p. at tlie ground level. What 

— = (•*) will be the power at 9,843 ft. (3,000 meters) ? 

Pi 1 Substituting in equation 9 we get: 

since the heat liberated by combustion at constant volume 1000 

increases the pressure of the mixture, po varies propor- 3000 = 1 8400 log 

tionately to pi and will be multiplied by A, Tj and Tg H.P. 

not having altered. 1000 

The equation for adiabatic expansion is : loS = . 1 63 

H.P. 
PV" = P^V (5) ,,00_ 

The ordinates pg will also be multiplied by A as will =1.46 

the pressure ordinates through the entire cvcle. H.P. 

• HP = fiSO 

From the above we conclude that the power of a motor t^.r. 

at constant speed will be proportional to the atmospheric or the power at 9,843 ft. altitude will be 680 horsepower, 

pressure, or: corresponding to a loss of 32% compared to the ground 

H.P. = A xHPo (6) power. 
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Fig. 1, otto cycle engine 



CHAPTER X 



VARIATION OF POWER WITH PRESSURE 



Since the weight of the air per cubic foot (cubic me- 
crs) decreases as the altitude increases, the weight of 
'wel required to keep the mixture constant decreases like- 
vise. 

At constant regular engine speed and increasing alti- 
;iides of operations: 

The weight of the air drawn in is proportional to the 
barometric pressure. 

The weight of the fuel and the speed of flow through 
the fuel nozzle is proportional to the square 
root of the depression at the fuel nozzle, and 

the atmospheric pressure, or as Vp» 
The depression in the carburetor and inlet manifold 
varies proportionately to the atmospheric pres- 
sure. 
The ratio of the fuel to air is proportional to the square 
root of the atmospheric pressure divided by 
the pressure. 



Fuel Vp 1 



Air 



Vp 



(1) 



creases as the inverse square root of the atmospheric pres- 
sure. 

The specific consumption is proportional to: 



Vp 



1 



From (1) it will be seen that the mixture richness in- 



■—Z_ (2) 

p Vp 

The hourly consumption or total consumption is like- 
wise proportional to the inverse square root of the at- 
mospheric pressure. 

The thermal efficiency varies in practice inversely as the 
specific consumption. 

Therefore in order to keep the fuel-air ratio constant, 
the flow of the fuel must be reduced proportional to the 
square root of the atmospheric pressure. This may be 
done by reducing the eff"ective head producing the fuel 
flow — either reducing the pressure in the constant level 
chamber of the carburetor by providing for a reduced de- 
pression about the fuel nozzle (additional air openings 
above the nozzle) or by throttling the discharge of fuel 
through the nozzle, by reducing the effective area of the 
nozzle oriflce. 

With a given compression ratio and mixture ratio the 
thermal efficiency is independent of the altitude, but the 
power is proportional to the atmospheric pressure. 



39 



CHAPTER XI 
VARIATION OF THE POWER WITH THE MIXTURE TEMPERATURE T 

If we assume the pressure Po, which is the atmospheric Whence the area of the diagram will be found by di 

pressure, remains constant and the absolute temperature by u. 

of the mixture To is varied so that it possesses a new Therefore with constant engine speed if the m 

value vTq, we see when we examine the theoretical dia- temperature is varied, the power will be found by 

gram: ing by u: 

The admission pressure line does not vary, ab = con- ___. _ 

- . Hro = power at normal temperature 

nil . !• J i. u HP. = power at new temperature 

The compression pressure line does not vary, be = con- up 

stant TTp ^ 

Pi = PoR'^ (1) '"" u 

The thermal capacity of the mixture is independent of Example, 

the temperature: ^ A motor delivers 300 h.p. at a normal temperati 

Ti = ToR»'-^ (2) to= 15° C. (59.5° F.). What will be the pov 

The increase in temperature dT^ due to combustion is ^° ^' (^^^ ^0 *"^ ^^° ^' (^^° ^0? 

independent of the temperature. v,ase 1. 

The increase in pressure dpi is proportional to the in- 15 + 273 

crease in temperature dT^ when combustion takes place HFj = 300 X = 315 h.p. Cent. 

at constant volume. 273 

dPi dTi 59.5 ^ 4(30 

= (3a) HP, = 300X = 315 h.p. Fahr 

Pi Ti 460 

' ^'^^ , ^, Case II. 

aPi = Pi (Sb) 15 _^ 273 

^^ HPi = 300 X = 285 h.p. 

Thus we see that Pi and dTj, the compression pressure 273 
and increment of temperature due to combustion do not 

vary when T, is multiplied by the temperature coefficient «. p^^^^ Recuperation Due to Lowered Temper 

The rise in pressure dpi, due to combustion will be ^5 ^ Function of Altitude 
found by dividing by m. 

Further, the equation of compression is : The temperature of the air decreases with the all 

TT u TT ir / . x f ollowlug thc law : 

pVt*' = p,V2»' (4) 

and the equation of expansion is : ^^ ^ __^ 

V^^=iVx + dpJV,^ (5) Po ^^ 

the compression pressure is: or as the altitude increases and the atmospheric tem 

Vj*' ture drops, the pressure is increased ^bth for each d« 

» P = Pi (6) drop in temperature, Centigrade. 

^i The power at the ground is HP^ and the correspoi 

the expansion pressure is: temperature is T,, At an altitude h the temper 

, , , J . 2 drops to 7 ; the power will then be : 

P = (Pi + aPi) (7) 

jjp —^ HP V 

the ordinates of the diagram is therefore the difference ^ ^T 

between p' and p, or: 

V '^ The gain of power due to the temperature drop is : 

p'-p = dp,— (8) 

V^ To — T 
from the above we ffet: "^i — HP^ = HP^ 

T 

/dp, X V,»^ X dV^ /•dV, 
= dpi X V^*" / .... (9) Having thus examined the respective effects upoi 
Vi** J \ ^ power when the temperature and pressure of the a1 
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pheric air are varied, we may formulate a general law HPq 

of the effect of altitude on power. To 55 

At an altitude h, the power of a motor is HFj. Po HPj 

At an altitude h -4- dh, the loss of power due to the loss — ^^ 

of pressure will be: P To 55 

HP, dp Simplifying we get: 

HPo 55 

T P 

D HP T 
The gain of power at the altitude h -\- dh will be due to _^ ^ " . . 

* the lowered temperature and is: f,^ ^ ^ 

dT ^ 

HP, To 

'*' ^^ The equation of Halley's law is: 

or 

Po 

dT '> = 18^00 log — (4) 

HP, P 

^ From equations (3) and (4) we get 
The resultant power is: HP ''^ 

dp dT 

dHPi=HPi H HP, T„ 

p T h= 18400 log (5) 

55 
where 1 

dHP, dp dT '^'^ 

= Equation (5) gives the total variation of power as a func- 

HP, p T tion of the altitude. The values given are metric, h being 

Integrating the above equation for the initial condition: ***f altitude in meters. To the Centigrade temperature ab- 

solute at the ground. 
HP, = HP„ 

P — Po Example. 

T=^T 

WTiat is the relative loss of power at an altitude of 

we get 3,000 meters (9,843 ft.) } 

LHP.-LHP„ = Lp-Lpo-LT + LT. Using the equation (5) we get: 

HP 5'; 
HP, p T ___11 

^1^^^'~ ^T "P' T„ 3000 

^^o P" ^0 log = = .168 

HP, pT„ 55 18400 

L =L 1 

HP„ p„T T„ 

HP, p T„ in which 

= -y- (1) HPo 55 

HPo p„ T ! 

The equation for the loss of temperature of the air with "^i -^o 

the altitude is : = ^ '^^ 

55 

T = To-55^1--j '~To 

If the ground temperature is 15° C. (59.5° F.) 
Substituting in equation (1) we get: 

To= 15 + 273 = 288 

HPl Po rrp ~~ 
= (2) ^^1 

"^0 I ^ \ '^^^ relative loss of power is then: 

To — 55 1 1 

\ Po/ HPo -HP, 1 

=1— =.27 or 27% 

For the ratio of pressures we get: fjp 1 37 



CHAPTER XII 



THE EFFECT OF INCREASING COMPRESSION 



The thermal efficiency of the engine 
compression ratio as (1— ■ ) where P is tlie vol- 

mnetric compression ratio. 

If the weight of charge per cycle, speed of engine, and 
mechanical efficiency remains constant, the power output 
will increase in this same ratio. Taking 5:1 as an arbi- 
trary starting point, we have plotted a outre between 
gain in power due to increased thermal efficiency, and 
compression ratio. For operation at 30,000 ft. altitude 
we have a drop in power of 50% (this is between the 
" density " and " pressure " values). This enables us to 
plot another curve showing liow the power output at that 
altitude is afTected by increasing the compression. 

One factor which limits the maximum practicable com- 
pression is the temperature of the charge at the end of 

Let Tg ^ temp, of charge at end of admission 

T, =^ temp, of charge at end of compression stroke 
T. 
then — = ?"■> 
T. 
If we assume T^ constant and equal to iOO" abs, C. or 
127° C, we can compute T, for various values of P. 
These values are given in Table I, and are also plotted on 
the curve sheet. 



PowBR Output and Compression Tempera- 
(TBEs FOR Various Coupression Ratios . 
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A further effect of increasing compression ratio will be 
to lower the final temperature of the charge before com- 
pression on account of the smaller quantity of hot exhaust 
gas remaining in the smaller clearance space. For pur- 
poses of comparison assume ( 1 ) the residual gases are at 
atmosphere pressure, (2) the cylinder is filled up to at- . 
mosphere pressure at the end of the suction stroke. Then 
for .1:1 ratio, taking exhaust temp, as 1.070° C. abs., we 
have 30% of the cylinder filled with exhaust gas at a 
273 

density of =^.255. The 20 X. 255 — 5.1% of 

1070 
charge weight mean atmospheric temperature at 20,000 
ft. altitude is 170° C. Allowing 50° increase in passing 
into the cylinder, we have an air temp, of 17 -)- 50 = -|- 
33° C. before mixing with the exhaust gas remaining in 
the combustion chamber, 273 -|- 33 = 306° C. abs. den- 
sity = 273 + 306 = .892 (which will be assumed con- 
stant for various compression ratios). The proportion of 
fresh gas to total charge, by weight, is 80 X -892 = 
71.4%. 
Then 

(5.1 X 1070) + (71.4 X 306) 

= 356° 

5.1 -j- 71.4. 

which is the temperature of the charge at beginning of 
compression. Table II gives the values of exhaust temp, 
and density, final admission temp, and final temp, of com- 
pression for various ratios. The latter value is plotted 
on the curve sheet. 

Turning again to the power output, we have an in- 
creased weight of fuel due to changing the density of the 
incoming air. At sea level, temp. 15° C, we have 15 — 
8 -f- 50 + 273 = 330° abs. 



273 



: .827 (assuming 8° drop in temp, in in 
let pipe due to vaporization) 



r an increase. 



Multiplying the power values in Table I by 1.08 gives 
a new set of values, representing the power output at 
20,000 ft. altitude corrected for temp, effect. Table III. 
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CHAPTER XIII 
TECHNICAL ANALYSIS OF THE POWER REQUIRED FOR FLIGHT 



The sustentation of an aeroplane is produced by the dis- 
placement of the wing surface at a speed v, the chord of 
the wing is inclined at an angle i, termed the angle of 
incidence, and is presented in the direction of flight. 

The wings or planes support the fuselage or nacelle, 
in which is placed the engine, fuel tanks, oil tanks, gauges, 
instruments of observation and controls. The pilot and 
passengers are also placed in the nacelle or fuselage. 

The three controls permit the rotation of the aeroplane 
about the vertical axis of the center of gravity, about the 
horizontal axis of the center of gravity and perpendicular 
to the horizontal axis of the center of gravity. 

The elementary resistance, due to the air, is propor- 
tional to the surface ds of the element, to the density of 
the air, and is further proportional to the square of the 
speed and is a function of the inclination of the element 
at a given speed. 

Using the following notations: 

G = the total weight of the plane 
F = the tractive force 
S = the area of the wings 

W = the weight of a cu. ft. (cubic meter) of air 
V^ = the speed of the . plane 

f (i) and K (i) = two functions of the angle of inci- 
dence 

The equations for horizontal flight are: 

G = wf (i)Sv^ ... 

F = wK(i)Sv2 ^ ^ 

The angle of incidence is varied by the displacements of 
the elevator. 

The tractive force is due to the rotation of the pro- 
peller and if n is the revolutions per minute, and D — 
the diameter of the propeller, then: 

F = an2D* (2) 

V 

•a being a decreasing function of 

nD 

The power corresponding to the tractive force is 

P = bn^D'^ (3) 

V 

b being an increasing function of 

nD 

The functions a and b are the same for geometrically 
similar propellers of different sizes; they are proportional 
to the density of the air and must be determined experi- 
mentallv. 

The propeller efficiency is designated by R: 

Fv a V 



R 



-X 

b nD 



(4) 



7? is a function of 



nD 



The actual values for R varies 



from .75 to .80 in practice with .77 as a practical figure of 
efficiency. 

The power necessary ior flight may be given in ft. lbs. 
or kilogrammeter and is: 

Pi = Fv = wK (i) Sv^ (5) 

using the equation of sustentation we get: 

G I .5 



then 



_wf(i)XS. 



G 



1 .5 



Pl = 



X 



K(i) 



(6) 



w-^XS-'^ f(i)^-^ 

The value of P^ is a function of the angle of incidence, 
and is at a minimum when i = i, = 6 to 7 degrees. 

The value P^ increases inversely as the square root of 
the density of the air when the angle of incidence i is a 
constant. Moreover 

F K(i) 

-- = (7) 

G f(i) 

The tractive force ^^alue is a function of the angle of 
incidence and is at a minimum when the angle of incidence 
has a certain value i == i^. Moreover, the tractive force 
value is independent of the density of the air providing 
the angle of incidence remains constant at all altitudes of 
flight. 

At the angle of incidence corresponding to the mini- 

F 
mum power required, the value of — is in the neighbor- 

G 
hood of .14 for aeroplanes having small wing area to .12 
for planes having large wing area. Approximately 45% 
of the above values corresponds to the wings, the other 
55% is due to the fuselage, struts, wires, landing gear, 
etc. 

The Reserve Power 

A minimum power required for flight at low altitudes is 
Pq and may be expressed in ft. lbs. per second or kg. 
meters per second. If the propeller efficiency is R the 
motive power corresponding will be: 



HP„ = 







75R 







550R 



in metric units (8a) 



in English units (8b) 



45 



46 



TEXTBOOK OF AERO ENGINES 



The aeroplane will be equipped with a motor having a 
maximum horsepower designated as HPm which will be 
greater than the minimum power required ///V 

The reserve power at the ground is therefore: 

HPm — HPo = reserve power (9) 

The rate of climb and the altitude attainable is deter- 
mined by the Reserve Power, 

The Ceiling or Maximum Altitude 

If we assume the angle of incidence to be constant^ the 
equation of sustentation 

G = wf (i) SV2 

shows that in order to produce sustentation at increas- 
ing altitude the speed ought to increase inversely as the 
density of the air. 
or 

v„ 



=v 



w, 



w. 



(10) 



As we have seen the tractive force ought to remain con- 
stant. By the aid of equation (2) it will be easy to show 
that the speed of rotation of the propeller n ought to in- 
crease as the inverse ratio of the square root of the den- 
sity of the air: 



No \ W, 



(11) 



The torque of a motor decreases as the density of the 
air; the power of a motor HP., corresponding to the speed 
Rh will then diminish in accordance with the law. 



HP, ""W„ V \\\ 



(12) 

HP, W„ \ \\\ 

The efficiency of the propeller does not depend on the 
v 
ratio - and is independent of the altitude, 
n 
The maximum altitude will then be obtained when the 
power necessary for flight is equal to the power available. 
The power required for flight at the ground is: 

p,. 

HP,, = in kg. meters per sec. 



75R 
P 







HPo = 



5.50R 



in ft. lbs. per sec. 



Since the propeller efficiency R is a constant, the power 
necessary at the height h will be: 



HP 






and if the motor power Hpi corresponds to the propeller 
speed n^,, the power available becomes: 



HI 



' Wo \ s\\ 



The equation of the power required and the power avail- 
able for flight at the maximum altitude is then 

HP„.f^ = HP, — \f^. (13) 



where 



W» 



W, 



HP. 



HP, 



If 



To = absolute temperature at the ground — Cent. 
T = absolute temperature at an altitude h — Cent 
Pq = the barometric pressure at the ground 
P = the barometric pressure at an altitude h 



then 



Wh 



W. 



= — X — 



from w^hich we get: 



HP, pT, 



(U) 

HP, p,T 

We may therefore state the following postulate: In 
order for an aeroplane to climb to an altitude k, it must 
be equipped with an engine having HP^ horsepower at n, 
revolutions, the power at the maximum altitude h^ will be 
HPq which is the power required for flight at the ground 
altitude ho, the angular speed of the engine remaining 
constant. 

The relation between the altitude h and the power of 
an engine is expressed by the equation: 



h = 1 8,400 log. 



HP, 



55 



HP 







L 



55 
T 



U .J 



in metric Units 



(15) 



Note. The derivation of equation (15) is given in an- 
other chapter. 

Neglecting the variations of temperature, the equation 
takes the form 

HP, 
h = 18400 log. (16) 



HP 







In the practical application of these equations, let us 
assume that the power required to fly an aeroplane at the 
ground is HPo=100 b.h.p., what will the ground 
power of the motor have to be to permit the plane to climb 
to an altitude of 4,000 meters (13,124 ft.) } 

If the ground temperature is 15° C. (59.5° Fahr.) the 
absolute temperature will be 

To = 15 -f 273 = 288 Cent. 

= 50.5 -f 460 = 519.5 Fahr. 

The altitude h = 4,000 meters (13,124 ft.) 

Then substituting these values in equation (15) we get: 

HP, 



4000= 18400 log. 



55 



100 288 



55 



1 — 



288 
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:e If Vo is the max. speed of the plane at the best angle of 

HPi 55 incidence at the ground level, we know that 

110 288 Vo 
=1.65 Vh = — -— 

55 VUh 

ago From the preceding we get the following expressions. 

12 we iret / ^ \ / ^A ^^^ 

^ * I 1 ( 1 = Metric Units (21a) 

HPi = 1 53 b.h.p. at no r.p.m. \ HP^ / \ Uh / B 

is will be the ground power of the engine capable of I ^ \ I ^^\ ^^^^ 

ing 4,000 meters (13,124 ft.) at which altitude the ( I ( I = English Units (21b) 

r will be HPo= 100 b.h.p. at no r.p.m. \HP„/ \ U,. / B 

and 

) / !_ ) = 1 ]Vfetric Units (22a) 

HP„/\Uh*V B 

actual practice aeroplanes are flown a great deal at / ^ \ / ^o \ 550R 

three-fourths to maximum power. I I I I = English Units. . . (22b) 

\HP^/\Uh^-V B 

FIPn, = Max. b.h.p. of the motor at the ground From the foregoing mathematical equations we deduce that 

urther let the ratio of the weight of the air at any ^^^ an aeroplane: , , ,. , 

rltfhfrffrlrdh- ^' When the speed at the maximum altitude is Vh, the 

speed at the ground being V^, if the weight per b.h.p. in- 
W, creases, the value of Uh, increases, the maximum altitude 

Vz = (17) xmll be reduced. 

^o 2. The aeroplane speed Vh, at the ceiling and Vo, at 

torizontal flight at the maximum altitude we will have the ground varies inversely as the weight per b.h.p. 

3. With any given weight per b.h.p. (load), if we in- 
HPm X Vh X 75 X R = F X Vh in metric units urease the speed Vh or Vo, the ratio Uh increases and the 

(ISg^) maximum altitude will be reduced. Or, for an aeroplane 
with a given set of characteristics, maximum speed and 
Pm X Vh X 550 X R = F X Vh in English units maximum altitude are two contradictory considerations. 

(18b) ^- Witl^ any given weight per b.h.p. (load) and the 

aeroplane speed at the maximum altitude or on the ground, 
j^ __ ^Yic propeller efficiency *^'*^ equations giving the values of Uh are the values at the 

/j, = the speed of the aeroplane at the angle of inci- ceiling. 

dence corresponding to the minimum con- ^he value of U^ decreases proportionately to the baro- 

sumption of power. metric pressure, and the value of Z can be calculated by 

the following equation: 
patio of the tractive force to the total weight sus- 1 

lis: Z= 18400 log. — (23) 

■~"~^ (^^^ Thus, if the value of B, which is the ratio of the trac- 

tive force to the total weight sustained varies from .14 to 
I expression is a function of the angle of incidence .12, and if the propeller efficiency of the propeller R = 
s independent of the altitude of flight. Moreover, .77. 
xpression is diff'erent for diff'erent aeroplanes. If 

e equation (18a and b) combined with expression B = 0.14 75 R 

gives us h = 13,124 ft. = 412 

B 

G ^'^ 75R h = 4,000 meters Uh = .60 

X = Metric Units (20a) ^ .^ ^^ 

j^p ^j g and if the speed is 

Vh == 33 meters per second 
G V„ ^ 550R . . u^ "^ ^^^•'^ ^*- P^^ second 

~~" ^~~~ir~ ^"^^^'^'^ ^"^^^ (^^^) Solving the equations 22a and b with the above values 

"^- ^^ ^ we get: 

G G 
•atio is the weight per horsepower and varies = 7.5 kg. per b.h.p. 

HPni HPm 

4 to 9 kgs. (8.8 to 10.8 lbs.) in diff'erent aeroplanes. = 16.5 lbs. per b.h.p. 
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THE POWER AND WEIGHT OF AERO ENGINES 



The modern acro engine has been said to be *' the pin- 
nacle of man's mechanical genius/' and a careful analysis 
of the facts lends substance to the above remark. 

A man's knowledge is truly his ability to draw or per- 
ceive comparisons and so when we speak of the power 
and weight of aviation motors, we must draw comparisons 
between them and other prime movers and having thus 
established a basis of comparison we may judge of the 
merit of the leading sentence of this study. 

A few basic inventions and much evolution has char- 
acterized the history of the development of prime movers 
in general and the internal combustion engine is a par- 
ticularly interesting illustration of this generalization. 

The practical use of internal combustion engines com- 
menced in 1861 in London^ England, and Paris, France, 
and was due in a measure to the inception of the manu- 
facture of illuminating gas from coal. The development 
proceeded slowly for the next eighteen years (1871)) 
when it received sudden impetus as a result of the revo- 
lutionary practical results obtained by Dr. N. A. Otto of 
Cologne, Germany, in a motor of his own invention and 
construction. The method of operation adopted by Dr. 
Otto had been suggested some seventeen years prior to 
his invention by a gifted French civil engineer, M. Beau 
de Rochas. 

Dr. Otto's motor soon attracted the attention and ap- 
proval of technical and practical men the world over. The 
internal combustion motor was a realitv the uses of which 
men of imagination readily grasped. 

The practical development of the internal combustion 
motor as a gas motor proceeded very rai)idly. Gas could 
be utilized which was produced from very poor grades of 
coal, and the waste gases from blast furnaces was found 
capable of supplying the entire power required in steel 
mills when used in the internal combustion motors. 

Experiments to determine the availability of Dr. Otto's 
engine for use with liquid fuels (gasoline, alcohol, kero- 
sene) were very numerous from 1881 on. 

In 1886, Gottlieb Daimler, a former associate of Dr. 
Otto, produced a high speed engine operating on gaso- 
line whicli he applied to the propulsion of the bicycle, the 
tricvcle, the motor boat and finallv, tlie motor car. Daim- 
ler died in 11)00 but before his death, industries had been 
founded in every country utilizing tlie prineij)lcs of con- 
struction inaugurated by him and his associates. The 
history of the motor car development from 11)00 on is too 
well-known to be worth recounting, but the develo])inent 
of details and the refinement of construction, results of 
evolution, have in very large measure made possible the 
present acro engine development, from a mechanical view- 
j)oint. 

The power required for the satisfactory propulsion of 
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motor cars increased from year to year. This fact to- 
gether with necessity of keeping the weight down to i 
minimum led to the development of competitive .sport b^ 
tween manufacturers and designers exhibited in motor 
car racing and touring contests. The benefits derived 
from these contests were of inestimable value in the d^ 
velopment of high speed engines. Research in physics, 
mechanics, chemistry and metallurgy yielded new and val- 
uable results. 

It was on this ground work of well established indns- 
trial science, that the foundation of the new science of 
aero engines was laid. 

The comparison, then, of the power and weight of in- 
ternal combustion prime movers should be made between 
the various classes into which they are naturally divided. 

Stationary gas and oil engines for industrial purposes 
have been constructed in increasing size from the year 
1861 with three brake horsepower, until the present time 
(11)11)) when the power in single units is in excess of 
6,000 shaft horsepower. 

The revolutions per minute and the piston speeds at- 
tained in gas engine practice varied but little after the 
fundamental principles of construction had been estab- 
lished. The practice in these respects followed very 
closely that which had been established in the older art of 
steam engine construction. That is, for the speed of the 
piston from 400 to 750 ft. per minute (121 to 228 meters 
per minute, metric) (the latter value Was considered very 
high speed) and for the revolutions per minute from 100 
r.p.m. in any large motors to 300 r.p.m. in small motors. 

As gas engines were comparatively slow moving their 
w^eight per horsepower has always been enormous (from 
200 to 600 lbs. per horsepower) and as the only competi- 
tion of the gas motor was the steam engine power plant 
whicli included a boiler and other auxiliary appliances^ the 
weight of which was never considered as a factor in the 
comparative merits of power plants, there was little to 
stimulate the efforts of engineers and constructors to re- 
duce the weight of these power plants, by employing bet- 
ter materials and higher operating speeds. 

On the other hand, tiie power plant of the motorcycle 
and motor car must of necessitv be of considerablv less 
weight per horsepower than the stationary power plant, 
and the only means to attain this desired result was to 
increase the operating speed, whicli, having the same ma- 
terials of construction, entailed reducing the size of the 
motor. 

Daimler's first higii speed motors operated from 700 
to 800 r.p.m. (1878-1881). Ten years later the French 
had become interested in the possibilities of the motor car 
and attempts were made by them to further increase the 
operating speeds. The first results were failures due to 
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overstressed materials. In the fact that the only course 
open to them at that time was to secure better materials 



ling greater strength Ijf 
metallurgy, which to-day is 
The progress of the art 
! trials, many failu 



the foundation of modern 
highly developed science. 
as attained very slowly by 
d occasional success. 



The progress in the matter of reduction of weight per 
horsepower was very rapid from Daimler's first engine 
(22U lbs. per h.p.) (100 kilograms, metric) in 1878 until 
the Panhard engine (15 lbs. per h.p.) 6,3 kilograms per 
h.p. metric) 1901. 

The date 1001 is of great importance in the history of 
aircraft, since the (irst aero engine built for a man-carry- 
ing aeroplnne, which could be successfully operated was 
built in that year by an American, C. M. Manly, for the 
Langley "Aerodrome" which was constructed at the ex- 
pense of the United States Government. 

The research work carried out by Langley and his asso- 
ciates in connection with aeronautics, is an achievement 
Americans can well be proud of. No less interesting and 
important was the work done by Manly in building a 
motor in ISIOl which developed 50 brake horsepower at 
950 r.p.m. during a four-hour test run. The weight per 
brake horsepower was 2.7 lbs. or 16 the weight of the 
lightest motor constructed up to that time. 

The unfortunate accident which wrecked the Langley 
Aerodrome and cut short the experiments of Langley and 
Manly, does not alter the merit of the achievement. 

In 190.S, the Wright brothers startled the world by 
actually flying a heaiier than air-machine driven by an 
internal combustion engine. The results obtained by the 
Wright brothers is all the more marvelous when it is con- 
sidered that the motor they used weighed 12 lbs. per 
horsepower. 

The development of aero engines made little progress 
from 1903 until 1907 when aeronautics was taken up in 
a serious way in bntii France and Germany. From 1907 
until 1910 many freak types of motors were built which 
were failures from a practical viewpoint. 

One new type of engine did emerge from the period of 
1907-1910 which was destined to an important place in 
the development of aviation motors and which was the 
lightest per h.p. of all types until 1917. That was the 
rotating cylinder motor which has received the appella- 
tion "Gnome." (Societe des Moteurs "Gnome.") 

The first " Gnome " engine consisted of three radial 
rotating steel cylinders of 25 h.p. The entire motor was 
constructed of steel and the weight per horscpow-er was 
2.7 lbs. To meet the demand for more power the 
" Gnome " engine was subsequently built in 5, 7,9, 1 + and 
18 cylinders, in powers up to 250 h.p. The weight per 
Ii.p. decreased to 2.2 lbs. in the latest types. 

The " Gnome " engines were quickly imitated by Ver- 
det, Clerget, Peugeot, Rossel, and Rhone, all of which 
weighed between 2 and 3 lbs. per h.p. and all of French 
origin. 

The water cooled fixed cylinder type of engine, gener- 
ically the " automobile engine." was developed but very 
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little in France up to 1014 and the average weight of this 
type of motor was from 5 to 6 lbs. per h.p., practically 
double the weight of the rotary tj'pe engine. 

In Germany, however, the water cooled critical engine 
had a very considerable development in 1908 and continu- 
ing until 1913 when the now famous Mercedes and Benz 
aero engines made their appearance. These motors were 
not only light (3 to 3.5 lbs. per h.p.), but their fuel con- 
sumption was very reduced as compared to the rotary 
motors of that period. 

The question of fuel consumption had received but little 
consideration until the Germans developed these new en- 
gines and planes. Previous to 1SI13 flights were gener- 
ally of very short duration (two to three hours) so that 
fuel consumption was considered a secondary factor. 

In I9IS a plane driven by the 100 h.p. six cylinder 
Mercedes engine remained in the air 21' hours and ten 
minutes, a record which has not been approached since 
that date. Such a performance would manifestly have 
been out of the question with the rotating type of engine. 

The influence of the remarkable engine development 
work which took place during the Great War was to de- 
velop engines of great power, extremely small fuel con- 
sumption and to reduce the weight to 1.7 lbs. per brake 
horsepower. This result was obtained in the All-Amer- 
ican " Liberty " engine developed by the United States 
War Department, under the supervision of Col. J. G. Vin- 
cent and Col. E. J. Hall, both well known American 
motor engineers. 

In the accompanying table and diagram, the evolution 
of the reduction of weight per h.p. and the increase in 
horsepower of aero engines is traced historically. 



CHAPTER XV 
GENERAL THEORY OF THE TURBO-COMPRESSOR 



The power of an internal combustion engine depends 
upon the weight of fuel and air drawn into the cylinder 
at each suction stroke. In the flight of an airplane 
between sea level altitude and the maximum to which 
it can climb, there is a change in air density with alti- 
tude. This change in air density causes a proportionate 
change in the power of the engine. A number of indi- 
cator cards have been drawn up showing the character- 
istics for sea level conditions, and at an altitude of 20,000 
feet above sea level. See diagrams Nos. (26), (27), 
(28), (29). The density of the air at this altitude is 
one-half the values at aea level and therefore the ])Ower 
of the motor will be one-half the value at sea level. The 



diagrams also show the work done by the compressor in 
compressing air from 7.35 lbs. per sq. in. to 14.7 pounds 
per sq. in,, and the energy taken out of the exhaust ps 
in furnishing power to drive the compressor. In brief 
a turbo-compressor is a device that maintains a constant 
air density on the inlet side of the motor and obtains Ik 
necessary power from the exhaust of the motor to main- 
tain this constant air density- 
Diagram No, (25) gives a diagrammatic outline of Ik 
apparatus that is necessary in operation, and consists of a 
motor nozzle, turbine wheels, compressor wheel, ca^ 
buretor and the necessary housings for inclosing the 
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A rotarv compressor could be designed to be light as 
regards weight and small as regards bulkinesa, but it is 
doubtful whether such a design would operate successfully 
frnm a meclianical standpoint o%er long periods of time. 

A centrifugal compressor lonnected to tlie crankshaft 
through a set of multiplication gears could be designed 
to be lerv bght and small in regards to the space that it 
would occupy One difficulty would be the enormous 
stresses set up in the gear mechanism, due to cyclic varia- 
tions of speed m the motor This trouble can be over- 
come with a properU designed clutch or system of 
clutches to handle anv quick variation in the speed of the 
motor One adiantage that such a deiiee has over the 
compressor driven by an exhaust gas turbine is that the 



exhaust gases are not held in the exhaust manifold with 
the attending temperature increase which may be a source 
of considerable trouble. Such a device has been designed 
which can be attached to the crankshaft of a Motor, and 
a more complete discussion of the mechanical design, will 
be found in another part of this report. 

Using an exhaust gas turbine to drive the compressor 
is obviously a very ideal way to accomplish the super- 
charging of a motor because the power is obtained from 
the exhaust gases, which would ordinarily be lost. 
There would be no mechanical troubles due to cyclic varia- 
tions of the motor speed, because the two units would be 
independent of each other mechanically. 

Appendix 

The curves in Fig. A indicate the relation of power 
to plane speed at sea level 7,01)0, 14,000, 21,000, 28,000 
feet for De Haviland Motors. 

The curves in Fig. B indicate the power of a motor 
with and without compressor and the minimum power 
required to fly with a De Haviland 4 Machine. 

The curves in Fig. C indicate the climbing time in 
minutes of the De Haviland 4 equipped with 400 h.p. 
engine with and without compressor. 

The curves in Fig. D gives the climbing speed in 
meters per second of a De Haviland 4 with a 400 h.p. 
engine with and without compressor. 
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Fig. B. Power curves with and wifhout compressor 
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CHAPTER XVI 



THE SHERBONDV TURBO-COMPRESSOR FOR A 400 H.P. ENGINE 



The object of Uiis device is to provide air supplied by 
tile carburetors under any desired pressure, so that the 
power of the engine may be kept constant up to 20,001) 
ft. altitude. Above this altitude the power of the enf{ine 
will fall oW in somewhat the same manner as obtained 
at present with ordinary aero engines, but less rapidly. 
The device should permit of attaining altitudes of 30,000 
ft. as a maximum. The machines are provided with an 
automatic pressure controlling device, which may be ad- 
justed to provide air at absolute pressures of from 14 to 
20 lbs., and the entire turbo-compressor is so designed as 
to call for no attention on the part of the pilot. 

Lubrication 

Lubrication is automatically provided by making a 
connection with the motor oil pump and the oil is de- 
livered first to a pressure stage vah'e, which may be 
adjusted to provide any desired pressure in the oil system, 
in accordance with the needs of the machine. While it is 
led from the pressure stage valve to the blower bearing 
at the front of the machine, and returns through a drain 
pipe to the common oil gallery, and thence to the motoi 
oil pump, oil is also led from the pressure stage valve 
to a control casting mounted at the turbine end of the 
machine, where it is used to lubricate the self-seating tur- 
bine bearing. It is also used to provide the operating 
force for the control of the machine. 

Control 

The air pressure delivered by the blower is automati- 
cally controlled by operating the turbine at varying speeds, 
which result is obtained by permitting i"ore or less gas 
to pass through the turbine nozzle diaphragm, the re- 
mainder of the gas passing through bj'-pa.ss valves to the 
turbine outlet. These by-pass valves are the ordinary 
poppet variety, are mounted in either air or water cooled 
guides, and have mounted at one extremity a stem or 
small piston, which serves as a spring eup, for a spring 
which keeps the valves on their seat when full power is 
required. Opposing this spring is a column of oil coming 
from the pressure stage valve, whose pressure is auto- 
matically varied by means of a small piston valve which 
is under control of a pneumatic diaphragm. The func- 
tion of the piston valve is to by-pass more or less oil 
from the pressure side of the oil system to the drain side. 
The position of the oil control valve is regulated by 
means of the bearing pressures on the two sides of the 
pneumatic diaphragm. An air pressure reservoir is 
maintained above the pneumatic diaphragm, and the 
blower pressure is communicated to the lower side of 
the diaphragm. When the valve stem to which this 



diaphragm is attached has a set of two adjusting s| 
arranged above it in a hermetically sealed chamber 
by changing the adj ustments of these springs 
diaphragm may be caused to move under va 




pressures. When the blower pressure, which is i 
municated to the under side of the pneumatic diaphn 
becomes less than the pressure above the diaphragm, 
diaphragm will move downwards, causing the oil con 
valve to be open more or less, thus by-passing mon 
less oil, relieving pressure from the operating pist 
and permitting the springs to return the gas by-| 
valves towards their seats. As soon as the blower p 
sure increases, the diaphragm is raised, causing the 
by-pass valve to close the oil circuit, thus developing 
pressure on the operating pistons, and permitting n 
or less gas to by-pass through the poppet valves. T 
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Iso installed in tlie control system a spring loaded 
|K't valve, which is adjusted for anv desired ]iressi]re 
t, so that the oil pressure in the system can only 
li n predetermined maximum pressure. There is also 
■ided a speed limiting means, which prevents over- 
■ding of the turbine, by opening the gas by-pass valves 
; open at a predetermined altitude. This speed limit- 
control is nothing more than a second piston valve, 
nted in tandem with the oil control valve, and or- 
(cd normally to by-|)as3 all of the oil supplied to it. 
i valve is under control of a pneumatic piston, one 
of which is in eommunication with the blower pres- 
, and the other side of which is open to the atmos- 
•e. This piston is spring loaded, so that when the 
:ret)ce in pressure between the blower pressure and 
atmosphere amounts to 7 lbs. per square inch, the 
)n will collapse tlie spring suflieiently to allow the 



speed limiting valve to close the oiling system, thus pro- 
viding pressure sufficient to open the gas by-pass valves 
wide open. Gas by-pass valve stems are provided with 
stuffing boxes, which are filled with asbestos and graphite, 
whose function it is to prevent gns from leaking into tlie 
operating cylinders, and oil leaking from the operating 
cylinders to the gas cylinder chamber. The oil pressure 
in the system should normally be adjusted, so that when 
the gas by-pass valves are wide open the pressure should 
not exceed 2(1 lbs., and when they are fully closed the 
oil jtressure should not exceed 5 lbs. 



Rotary Elements of Turbo- Blower 

The rotary elements of the turbo-blower consist of a 
single impulse turbine wheel, and a radially bladed blower 
wheel, the latter being machined from one solid piece of 
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steel. These two wheels nre slirunk into tlie turbine 
shaft, wliieli has a marine type thrust bearing mounted 
ill the blower end bearing. The shaft is of sueh diameter 
as to he considered a stiif shaft, and in the first maehine 
has a period of over IIII.IXHI; as the' operatinp: speed of 
the turbine never exeeeds ait.OOO. there sliould be no 
eritieal speeds hi the operatinfc of tlie machine. The 
turbine shaft has a small diameter extension at the ex- 
treme end of which is a worm, adapted to engage with a 
worm wheel gear drain, for reducing the speed to a suit- 
able Tachometer drive speed. The turbine and bearing 
consists of a liahhitt lined bronze shell whose exterior is 
provided with a curved scat. Slop pin grooves and oil 
supply and drain channels, in order to permit assembling 
these bronze shells to the bearing, are mounted in a 
steel ring, which is split axially; the steel ring in turn 
is clamped longitudinally in a steel tube mounted in the 



control easting. A Kim of oil .siirriiunti 
last named steel tube, and is the first itic.-iiis to pi 
effective beat insulation for the hearing. Surrou 
the Aluminum bearing shell seat is an air channel, tli 
which air ]>asses on its way to the turbine rotor, 
providing a second heat insulating menn.s; the air i 
charged from the turbine rotor, it passes helwee 
noxzle diaphragm ring .^iid the inlet nir ehamlKT. 
providing a third heat insulating means between th 
hine bearing and the noissile dia])liragm. Itetwec: 
blower and the turbine there are arranfjed two pa 
passages for the flow of ventilating air to and friii 
turbine wheel, whose function it is to i>rovide doubh 
insulating means between the blower easing and th 
bine outlet gas easing. Air is led into these insu 
chambers, and also to the turbine end bearing i 
from two air horns, mounted directly on the top i 
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er casing. Air is caused to circulate through these 
luels by means of the velocity of the air coining from 
motor driving propeller and plane speed. Circula- 
is also assisted by means of contact with the turbine 
r. Air coming from the motor propeller under a 
L'ity of at least 100 miles per hour enters the conical 
: chamber, which is provided with helicoidal veins, 
are adapted to draw the entering air in the' direction 
otation of the blower rotor. These helicoidal veins 
act as a support for the blower end bearing, which 
?rmetically sealed, and two of these veins provide oil 
inels for the blower bearing. At the discharge orifice 
he blower there is mounted a pressure search tube, 
h is so designed as to permit of registering part of 



the static and part of the dynamic pressure of the air 
stream leaving the blower. The air is piped from this 
tube to the pressure control diaphragm. The turbine 
rotor is machined from a nickel alloy blank, which 
material has great strength at high temperatures, com- 
pared to any alloyed steels. Turbine blades of the first 
turbine were of two variations — long and short tang, to 
permit of the close spacing of the blades in the periphery 
of the wheel. These blades are machined from the same 
material as the wheel, and before assembled in the wheel, 
are weighed in a chemist's balance. The permissible 
variation in weight from that of a standard bucket is 2%. 
The careful finishing and weighing of these buckets in a 
large measure provides against an unbalanced rotor. 



CHAPTER XVII 
TECHNICAL THEORY OF A TURBO-COMPRESSOR 
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The following system of notation will be used: 

G = Weight 

V = Volume 

T ^ Temperature °F absolute 

t ^ Temperature °F 

Absolute zero taken as 460 below zero on 
Fahrenheit scale 



^ ratio of specific heats = - 
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Pressure in pounds per square inch 
Pressure in pounds per square foot 
Gas constant 



1 



-M^^^n^ 



Reciprocal of mech. equivalent of heat ^ 

778 
Revolution per minute 
■ DiBmeter of compressor rotor 

D 
Radius of compressor rotor ^ — 



Horsepower 
Brake horsepower 
Compressor efficiency 
Turbine efficiency 
Overall efficiency 
Velocity in feet per second 



W=:t4*.7VTs Approximately (formola taken fron 
■■ The Gas Turbine " by Hans Hot 

warth). 

It is assumed that the work is done adiabaticallv in 
both the compressor and the Turbine; also that tbevalna 
for T"; T* the temperature of the atmosphere and the 
exhaust gas liave fixed the values respectively, then: 



To V P„/ 



vhere K=.29 = - 



^©■' ^(^■ 



T, P, 

Where — and — are the temperature and presnue 
T„ P, 

ratios in the operation of the compressor: 
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If P, > 2 Po 



P, = bG = 



Pj is proportional to G 

abN 

Pi (2) 



P, abN / 1 

Suppose — =■ = I — 

P. T, \ M 

M has a value of nearly one and M < 1 Pj > Pi 
The net work of the turbine is 



E, GDC T. 




(3) 



The work required by the compressor is: 



1 

— GDC To 
El 




(4) 



For operation (3) must be equal to (4), knd by equating 
and combining them we have: 




But 



0^ 



X and letting S = E — which has a 



maximum value = 2 



And as 



M _ /P„\ 



we have 



M 

X— 1=S ( 1 

X 

X^— (l— S) X + MS = (5) 

In the above theory of the Turbo-Compressor, for 
Airplanes it has been assumed that the same weight 
passes through the turbine as through the compressor, 
but there is an additional weight added through the tur- 
bine and that is the weight of fuel burned which amounts 
to between 7 and 8% of the weight of air used, in a 
motor which is operating with a good economy. 

The equation for the net work of the Turbine should 
be 



E, G 




DCT- 




...(6) 



where g is the ratio of the weight of air to the weight of 
fuel. Combining this value with the formula for the 
work required by the compressor (equation 1) we have 



E.. 




1 + 



(X — M) —X^ + X = 



g 



(,+l)=o.,: 



X2 — X (1-fS I +MS IIH j =0...(7) 

The value of g for engines operating upon gasoline with 
a good efficiency will be between 1 2 and 1 5 with 13 as an 
average value. 

In solving problems, the value of g can be assumed 
for original calculations or found from the experimental 
results by measuring the amount of fuel and air used. 

The diagrams which accompany the formulas will 
facilitate in finding values for the following formulas: 

On one diagram we find: 



S = E — 
T. 



Pi 

— = X 

P« 



1 

k 



and 



P 
P 



;- (if 




S is equal to the overall efficiency times the ratio of 
the temperature of the exhaust gas to the temperature 
of the atmospheric air, and is an expression of efficiency. 

Pi 

— is the ratio of pressures in the operation of com- 

Po 

pressor. 

P2 

— is the ratio of the motor discharge pressure to the 

Pt 

compressor discharge pressure. 

P P 
* 2 * 1 

— — and S on second diagram. 

p« p, 
p, 

— is the pressure ratio in the operation of the turbine 

P2 

p. 

and the values of — and S have the same meaning as 

p« 

above. 

In addition to Diagrams Nos. 1 and 2 Diagrams 3, 4, o, 
and 6 will be found very useful in the calculation of a 
Turbo-Compressor for Aircraft engines. 

F'ig. 3 gives the specific weight of air in pounds per 
cubic ft. for various pressures and temperatures that may 
be encountered by an aeroplane. 

Fig. 4 gives the energy in ft. lbs. per cu. ft. required 
to compress air from one pressure to another adiabatically. 

Eig. 5 gives the area of Turbine Nozzles, the specific 
volume of exhaust gas and the velocity of gas passing 
through the nozzles under varying pressure ratios. 

Fig. 6 permits immediately finding the weight of air 
required to be compressed for engines up to 400 h.p. 
There is also given the barometric pressure up to each 
altitude of 8,000 meters and tlie temperature in Centigrade 
and Farcnhcit units and the turbine speed corresponding 
to each particular altitude. 



CHAPTER XVIII 



THE STRENGTH OF ROTATING PARTS OF A TURBO-COMPRESSOR 



rhe problem of figuring the stresses in the turbine 
or by matliematical formulas would be very compli- 
ed and tedious. The method used is that as described 
the London Engineering of Aug. 9, 1918. This article 
es a chart consisting of a number of curves that can 
applied to a profile and reduces the matliematical 
rk to a minimum and the results obtained are suffi- 
ntly accurate for all practical purposes. 
The general formulas given in Dr. Stodolas' book on 
I team Turbines " are used and reduced to a simple 
•xa so that only two values are necessary to be found, 
ese values are designated S and D and are found upon 
: chart. Tliis chart applies directly to discs of a uni- 
m thickness so all that there is necessary to be done 
' an irregular shape is to divide it up into a number of 
Plied discs whose radial extension for any two adjacent 
cs are equal. 

iV'e will let A Ir denote the increment (positive or 
rative) of the radial stress at the step thus: 



A l, = l, — 1,' = |, 



where y and y' are the t 
adjacent discs. 

The other two formulae 
stepped disc are 



('-r) 



of the rotor for two 



used in the application to i 



A S— (l+v) (1,. 
AD=(v-l) (1,- 



lr') = 
■lr') = 



!l.3 A 1... 

-.7 A 1,. 



m 

(3) 



The tangential stress must be assumed to start, then 
S = lt + U and D = lt — Ir where I, is the tangential 
stress and Ir is the radial stress. 
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1 r = centrifugal force per inch of circumference at 
wheel diameter of 4.46 inches 

.8784 2 /753\2 

= X ~" ( ]= 495 lbs. 

32.2 TT \4.46/ 

As thic load is transmitted through the metal between 
the long tan buckets the load per square inch at the 4.46 
diameter is 



14 



495 



X 



= 1720 lbs. per sq. in. 



a 4 — 5.65 .4825, 



for a width of .4825 inches. This is the radial load. 

At the bore the radial stress is assumed to be zero. 
This is true if we neglect the force due to the pressing 
of the wheel on to the shaft, then: — S = D = It. 

For a start It was assumed to be 6,000 lbs. per square 
inch^ and S and D found and with these values and know- 
ing the velocity for these values, curves for S and D were 
picked out on the chart and followed down to the next 
value of the velocitv. The values for S and D at this 



next velocity were used in finding A S and A D using the 
formulas (1), (2) and (3). This gives us a new value 
of S and D and proceeding as before we arrive at the 
next velocity. After the work has been completed down 
to the bore and we find that the values of S and D do not 
coincide at the bore it will be necessary to assume a new 
value for It and go through the work as before. 

Diagram No. 21 will give the graphical work in divid- 
ing up the rotor to find the values of y and y^ and the 
parts of curves used in finding the values of S and D are 
reproduced showing graphically the method. From these 
curves values of Ir and It are plotted which give the 
values of tlie stresses in the turbine wheel when rotating 
at a speed of 30,000 r.p.m. 

Tables No. (6) and (7) give in a tabulated form, the 
steps in finding the stresses. Table (7) gives the correct 
values as our assumption for (6) was too high. 

The foregoing procedure can be used in finding the 
actual stresses in a wheel knowing the values of y and y* 
which are taken from the actual drawing or they can be 
plotted to give the shape of the wheel in the original 
design. 
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CHAPTER XIX 



ANALYSIS OF STRESSES IN THE BLOWER IMPELLER 



In computing the stresses in the impeller blades, only 
the centrifugal force will be considered. The bending 
stress due to the air load on the blade will be neglected. 

The impeller blade and hub will be divided up into a 
number of small sections and the centrifugal force of 
each section computed, which when added to the sum of 
the centrifugal stresses in the outer sections will give 
the force tending to break this section at its base. Divid- 



ing this force by the area at the base of the section will 
give the stress in pounds per sq. inch. The computations 
are carried out from the outermost section, down to the 
bore of the hub and the results plotted. The plotted re- 
sults of the total centrifugal force, acting upon the sec- 
tion and the stress in pounds per sq. inch may be found 
on Diagram 34 and the results of the computation upon 
Table 9. 
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It will be noticed that the largest stress occurs at the 
bore of the hub and has a value of 27,600 pounds per 
sq. inch. The material that was used for the impeller 
had an elastic limit of 150,000 pounds per sq. inch, which 
gives us a factor of safety based upon the elastic limit of 
5.43. 

The shape of the stress curve at the base of the blade, 
where the blade joins the hub in a radius was not deter- 
mined, but the value at one section was computed and 
found to be 8,700 lbs. per sq. inch. This value was taken 
to he the minimum value occurring in this region and a 
dashed line was drawn joining this point with the curves 
of the hub stress and the blade stress. The actual curve 
would not be far ditTerent from the dashed lines as will 
be seen upon examination of the diagram. 
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CHAPTER XX 
STUDY OF A GEAR DRIVEN CENTRIFUGAL COMPRESSOR 



In making a study of the problem of placing a com- 
pressor geared directly to the engine crank shaft to keep 
the pressure before the carburetor always a constant 
value regardless of altitude^ therefore, keeping a constant 
power the question of whether the power required to 
drive the compressor would be greater than the gain in 
the h.p. of the motor is the first question that presents 
itself. 

In the calculations that are to follow it will be assumed 
that the motor power is directly proportioned to the weight 
of air and fuel sucked into the engine cylinders in a unit 
length of time and that the ratio of the weight of air to 
the weight of fuel will remain practically constant. Also, 
that the pressure within the cylinder at the instant of the 
exhaust closing is equal to the pressure of the atmosphere 
at the particular altitude, and that a charge of air and 
fuel sucked in the cylinder is equal to the piston dis- 
placed volume plus the amount necessary to raise the 
clearance pressure from that of the atmosphere at the 
particular elevation up to a pressure of 14.7 pounds per 
sq. inch. 

At sea level altitude the engine will be exhausting into 
an atmospheric pressure of 14.7 pounds per sq. inch 
absolute and obviouslv the amount of air drawn into the 
cylinder will only be the displaced volume of the piston, 
but at an altitude of 20,000 ft. above sea level the motor 
is exhausting against a pressure of 7.35 lbs. per sq. inch 
abs. and the weight of the air within the cylinder will be 
the displaced volume of the piston which will keep the 
power of the motor to the sea level value, providing the 
weight added to the clearance volume to bring the pressure 
from 7.35 lbs. per sq. in. to 14.7 per sq. in. will provide 
the necessary power to drive the compressor. 

The compressor h.p. will be figured for adiabatic com- 
pression and with the h.p. available due to the weight 
added to the clearance volume the efficiency at which the 
compressor must work will be computed. 

If this efficiencv has a reasonable value it will be safe 
to assume that the full h.p. at sea level conditions will be 
maintained at an altitude of 20,000 ft. above sea level. 

At 1,700 r.p.m. and a volumetric efficiency of 100% 
and an inlet pressure of 14.7 lbs. per sq. in. in the motor 
will require: 

19.7X7=138 cu. in. per cycle for the displaced 
volume. 

The clearance volume for a compression ratio of 5 to 1 
w^ill be 34.5 cu. in. 

The power of the motor at sea level conditions will be 
taken at 34 h.p. per cylinder which corresponds to a 
B.M.E.P. of 115 lbs. per sq. inch. 

The weight of air will be computed for three different 



cases of inlet temperature 62.5° F for Case 1 ; 200° F 
for Case 2 ; 300° F for Case 3. 

The weight of air in the volume displaced by the piston 
under these conditions and 14.7 lbs. per sq. in. is using 
Formula P V = WBT. 

B = gas constant 53.34 P = pressure in lbs. per sq. ft. 
V == volume in cu. ft. W = weight in pounds 

and T is the absolute temperature in degrees F, 



Case 1. 

460° 
62.5° 



VP 138 X 14.7 X 144 

W = == =.00608 lb. 

BT 53.34 X 522.5 X 1728 



522.5° F absolute 



Case 2. 



460° 
200° 



14.7 X 138 X 144 



W = 



—.0048 lb. 



53.34 X 1728 X 660 



660° F. absolute 



Case 3. 



460° 14.7 X 138 X 144 
300° W= 



53.34 X 1728 X 760 



=.00417 lb. 



760° F. ABS. 



The weight of air added to bring the pressure from 
7.35 lbs. per sq. in. will be equal to the weight at 7.35 
lbs. per sq. inch therefore the calculations of the weight 
added to the clearance volume at 20,000 ft. altitude will 
be made using this value for the pressure. 



FOR CASE 1. 



W 



34.5 X 7.35 X 144 



=.00076 lb. 



1728 X 53.34 X 522.5 



FOR CASE 2. 



W 



34.5 X 7.35 X 144 
1728 X 53.34 X 660 



=.0006 lb. 



FOR CASE 3. 



W = 



34.5 X 7.35 X 144 
1728 X 53.34 X 760 



=.000522 lb. 



Case 2 represents more nearh' the actual conditions 
under which the motor is operating and as the motor h.p. 
is known the absolute values of the weights is not so 
important as the ratio of the weight added to the clearance 
volume to the weight of the displaced volume will when 
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multiplied by 34 h.p. give the added h.p. due to this 
added weight in the clearance volume because it was 
assumed at the start that the h.p. of the motor was pro- 
portioned to the weight of air drawn into the cylinder. 

.0006 

34 = 4.25 

.0048 
for the entire motor this will be a gain of 
4.S5 X 12 = 31 h.p. 
The weight of air per cycle per cylinder will be: 



.0054 lbs. or a volume of 

53.34 X 660 X.l>054 X 1728 



= 155 < 



14.7 X 1*4 
The entire motor will require at I,7UO t.p.a 

155 X 6 X 1700 

= 915 cu. ft. of ai 



The 915 cu. ft. of air in compressing from 7. S3 Ik 
per sq. inch to 14.7 lbs. per sq. in. will require, witt 
adiabatic compression the following power: 

/PA" /14.7\" 
Vi = V, (— =915 1 ) =1496 en. ft 

\p,/ Vt.ss/ 

-[(!:)-_ilx^= 

n-1 L\ Pi / J 33000 



7.35 X 144 X IH 



1728 



. = 26-2 h. 
33000 X .406 

This condition is not the actual condition in the oper*- 
tion of an engine because we have assumed a volumetric 
efficiency of 100% but for the sake of simplicity it 
easier to do so and besides tlte value of the compresxH 
elliciency obtained will be the same regardless of the 
volumetric efficiency. The values of the h.p. available 
and required will drop proportionately in the actual cut. 

The efficiency will be =.514 or fll.4% which k 
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» value that we can easily obtain. Therefore, it is reason- 
able to assume that the power required to drive the com- 
pressor at an altitude of 20,000 ft. will be offset by the 
gain in power due to the weight added to the clearance 
-volume with a compressor efficiency of 31.4%. At sea 
level there Is a loss of motor power, Thi.s is due to the 
friction of the air in passing through the compressor and 
the power required to overcome tlie friction of t)ie gears 
and otber mechanism. 

There is one other gain of power in the motor about 
which nothing has been said and that is the increase of 
power due to the decreasing pressure with increasing alti- 
tude on the underside of the piston. 

Diagram No. 15 shows graphically what is to be ex- 
pected with an engine of 412.5 h.p. at sea level without 
compressor with an increasing altitude. The absolute 
values of the h.p. are possibly a trifle high for the power 
required and available to drive the compressor but the 
curves are characteristic curves of what is to be expected 
with a motor equipped with a compressor geared to the 
crankshaft. It will be noticed that at sea level conditions 



with the compressor will not be able to obtain the same 
power from the motor as without, but this is not of serious 
consequence because at an altitude of 30,000 ft. the power 
will be restored. 

Curve No. 5 shows the power of the motor with an 
increasing altitude without the compressor; while Curve 
No, 6 shows the motor power curve with the compressor 
and Curve No. 7 shows the power curve of the motor 
after taking into account all the gains and losses. 

Compressor Design for 400 H.P. Engine 

A compressor was designed to connect directly to the 
crankshaft through a spline and the speed stepped up 
from motor speed through two sets of gears so that the 
speed of the compressor impeller would be ]6 times the 
speed of the motor. 

As the inertia of the impeller and gears would be con- 
siderable for such B high speed a disc clutch was inter- 
posed between the impeller shaft and the small pinion 
which delivers power to it and the shaft connecting the 
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two intermediate gears was slotted to give a certain 
flexibility at tbis point to insure against the gear teeth 
hammering one another due to cyclic variations in the 
running of the motor because any vnriation in the motor 
shaft will be multiplied in passing through the gears in 
proportion to their speed until finally it would be 16 tunes 
the value of the motor in the last pinion. It is to be 
hoped that the Hcxibility obtained by these two devices 
will be ample to compensate for this cyclic variation of 
the motor. Diagram No. 18 will show the arrangement 
of the gearing. 

Moments of Inertia of Various Parts 

IMPELLER: Radius, tip of blade 4.450 in. Hub. 1.062 
Change of thickness from hub to tip, 
.200 — .032 = .168. 4.+50 ~~ 1.062 = 
3.388. .168 -f- 3.388 = .0495. Thick- 
ness at center of shaft. 
.168 X ]. 062 -^ 3.388 -^.200 = .0525 + 



.800 = .2523 t = 2523 — .0495 y, wl 

y = distance out from shaft center 

Angle of side of blade 7° 26 ft. tan. .13 

4.450 t .1805 .581 half width at 

.385 2 .192 

.192 + .581 =.773 half width at shi 

center 

Consider two parts of blade separate! 

from hub, rad. 1.062 

to rad. 2.225 and from rad. 2.225 to t. 

4.450 

For inner section, width at shaft cen 

= .773 + .625=^1.398 

b^width at any point b^ 1.398 

.1305 y 

For outer section 2 x .773 =^ \.l 

2 X .1305 = .261 

b= 1.546 — 261 y 

Moment of inertia, in volume units 1 



For outer part Iv^Jy' (1.5+6- 



.261 
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(.2525 — .0495y) = J (.39y2 — .1424y» Clutch Gear 77 

+ .0129y^) dy = (.ISy^ — .0356y* + Clutch Cover 80 

00258y*) between y = 2.225 and 4.450 = Discs, Inner io5 outer .22 

1.25 in.^ Spring 15 approx. 

For Inner Part. Iv = jy^ (1.398 — 1305y) Total Movements of Inertia in Weight Units 

(.2525 — .0495y) dy 

^ -^^ -^ Impeller 6.06 

= (.1 177y' - .0255y* + .00129y%) Shaft 207 

between y = 1.062 and 2.225 = Discs 155 

.63 in.** Clutch Gear 77 

I.= TTr* % assume Dia. 2.18 to allow for Fillets. pj. ^q 

25 Spring 15 

I=7rl. — (.109*— .562*) = 1.06 X 1.312 = 2.57 

2 Total 8.62 

eight Units I = 21.37 X 284 = 6.06 lb. ins- 6.30 , , , 

t L=.284 TT r* l/, = 0557 d* 1 12.50 2 double gears 6.45 X 2 = 12.90 

Driving Gear 6.5 

(10 Blades. Inner and outer end.) 21.37 The kinetic energy of the rotating 

I =.0557 (.374* X 1.5 +.561* X 2.25 +.623* X parts was found using the formula 

3.281 + 7.97*X 1.219 + 1.125*X 1.343+ K. E. 

1.375*X 0.093— .205*X 10) =.207 lb. ins.^ I^ /27r-n ^ " 

lie Gear: Assume teeth fill .4 of tooth annulus. A^.i^. /2 XI 

g \ 60 
=.0557 (4.571*— 4.263*) .625 +.625 (4.623*— 

4.062*) + (4.062*— .750*) .188) (neglect hub) n = r.p.m. Iw X Weight moment of inertia 

= 6.45 lb. ins.^ K.E. of Impeller, etc. 



Dms^/im Aio. /a 



//fTrm^roi^TMr a£>$MX 
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= (1700 X 16) ■= 27.800 2 x n 1 



K.E.= 



2 /a w 27,000 \ 

X I I = 1,086,000 in. lbs. 

12.2 \ 60 / = S0,600 ft. lbs. I"" 



32.2 X 60 X t 



For t ^ 1 sec. 



2 X 32.2 
K.£. of Double Gears. 

Iw= 12.90 n= (1700 X *)=6800 
12.90 /2 7r 6800\ 



K.E. 



2 X 32.2 

K.E. of Driving Gears. I, = 6.5 

6'.5 
K.E. 



2 X 32.2 



■ I = 101,600 in. 

/ = 8,470 ft. 

/2ir 1700\ 
V 60 / 



lbs. 
1700 



Double Gears 

2 

T = - 



3200 in. lb. 
267 fl. lb. 



ir 1700 X 16 X 8.62 
32.2 X 60 X I 

IT 1700 X * X 12.90 
32.2 X 60 X 1 

2 IT 1700 X 6.5 



Torque to stop parts from (n) r.p.m, with uniform de- 



Total 762 (283.3 
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Charts #16 and 17 will show graphically the stored 
energy in the rotating parts and the torque to stop the 
parts in different lengths of time. 

Flexible Shaft Drive 

Slotting the intermediate gear shafts to compensate for 
inaccuracy in cutting and spanning the gears gives a drive 
composed of a number of bars of an approximately rectan- 
^lar section and rigidly held at both ends. 

Let n = Number of Bars 

deflection at rad. r. 

L:^ Length of bars 1.25 in. 

R = mean rad. of bars = 4.22 

\V = load per bar at rad. r. 

S = Stress 40.000 lbs. per in. 

T = Moment transmitted 135 x 4 -=- 2 = 270 in lb. 

Z = Section modulus of bar 

b =Radial thicknc^ss of bar = .094 in.^ 



T WL 
W = — .zt= 

rn 2s 



TL 



2rns 



270 X 1.25 



Zn = 



=.01 



2 X.422 X 40000 

bh^ 

Z = =.0157h2 

6 

.01 
nh^ = =.64 

.0157 
If n = 8. h-^i=.08 and h=.283 

This will be obtained by slotting the shaft with 8 slots 
Me in. wide. 



wP 

d = = 

12EI 



270 



.422 X 8 

=.0025 in. 



\ / 1.95 

/ \ 360,000,000 > 



000 X. 000 175 



.0025 X 2.25 



.422 



==.013 in. at the pitch radius 
of 64 tooth gear. 



Description of the Automatic Control for the Gear 
Driven Centrifugal Compressor 

With a centrifugal type compressor, there is a limiting 
pressure ratio under which the compressor will operate at 
a given speed. In our case the discharge pressure is to 
remain practically constant, therefore we must arrange 
some method of lowering the suction pressure. This is 
accomplished by throttling the inlet to the compressor 
with an automatic throttling valve, which is regulated by 
a piston operating under oil pressure. The oil pressure 
is opposed by a spring upon the opposite side of the 
piston. The oil pressure is regulated by an automatic 
control which depends for its operation upon the difference 
in air pressure on the two sides of a flexible diaphragm. 
This flexible diaphragm is connected to a piston valve 
and the oil pressure is regulated in passing througli this 
valve by throttling. Upon one side of this flexible 
diaphragm, a standard pressure of 14.7 lbs. per sq. inch 
is maintained, while the other side is connected to the 
discharge pressure from the compressor. The control is 
so designed, that a difference of pressure, of one-tenth 
of an atmosphere on the diaphragm will be sufficient to 
operate the control between the maximum and minimum 
positions, and also, the piston valve can be set, so that 
the pressure discharge from the compressor can be kept 
either above the standard value of 14.7 lbs. per square 
inch, giving a slight supercharging of the motor or the 
pressure can be kept below the value of 14.7 lbs. per 
square inch, which will cause a slight falling off in the 
standard horse power of the engine. 



CHAPTER XXI 

THE EFFECT OF BACK PRESSURE IN THE EXHAUST MANIFOLD ON THE 
POWER OF THE ENGINE 



If the pressure into which the motor is exhausting is 
greater than the air pressure before the carburetor a 
loss of power would be expected. In computing this loss 
of power, it is necessary to start with a few assumptions : 
First, that the pressure within the cylinder at the closing 
of the exhaust valve is equal to the pressure into wliich 
the motor is discharging; that the temperature of the gas 
within the cylinder is equal 1,100° F, with a compression 
ratio of 5 to 1 ; that the power of the motor is a direct 
proportion to the weight of air drawn into the motor; and 
that the weight of air drawn into the cylinder will be the 



weight of air that must be added, at a pressure of 14.; 
lbs. per square inch and S00° F, Ut the remaining etiuit 
gas in the cylinder at the same pressure of 14.7 lbs. pn 
square inch. This value of 14.7 lbs. per square i neb will 
be the pressure before the carburetor in all calculations. 

In making the computations, it will first be necesun 
to figure the weight of the exhaust gases at the pressm 
and temperature at the instant that the exhaust T^n 
closes and then from this data compute the volume thai 
the gases will have at a pressure of 14.7 lbs. per squin 
inch. Subtracting this volume from the cleirain 
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volume, plus the volume displaced by the piston will give Table No. 8 

the volume which must be added to bring the pressure up 
to 14.7 lbs. per square inch. Knowing this volume it will 
be easy to calculate the weight. The ratio of this weight 
to the weight of the piston displaced volume will give a 
ratio which, when multiplied by the ratio of the baro- 
metric pressure of the atmosphere in pounds per sq. inch 
to the exhaust back pressure, will give a value that will 
be a measure of the power with this back pressure to the 
power with a back pressure equal to the pressure before 
the carburetor in absolute units. 

In the original assumptions, a volumetric efficiency of 
100% was taken because the volumetric pressure would 
divide out when finding the ratios. Therefore, the ratio 
of the horsepower found would be the same regardless of 
the volumetric efficiency. 

In using diagram N. (S3) the horsepower must be 
known for one value of the exhaust back pressure and 
knowing this, the power witli any other back pressure can 
be computed using the formula. 

H.P. X ratio from chart corresponding to back pressure 
= h.p. of motor at this back pressure. 

The computations in finding the ratios upon the chart 
were found as follows: 

P ^ exhaust back pressure in pounds per sq. ft. 

Compression ratio equals r. In the following computa- 
tions compression ratios of 6 to 1 ; 5 to 1 ; and 4 to 1 
were used. 

d ^ diameter of cylinder 
L — length of stroke 
D ^ piston displaced volume 
C = clearance volume 
Total volume = \> -\- C. 

Wi ^ weight of gas in clearance volume at pressure P. 
and temperature T. T=]560" F. absolute 

P. C. 

W, ^ where B ^ gas constant = 52." 

B.T. 

V = Volume of exhaust gas in clearance volume reduced 
to a pressure of 1 t.T lbs. per sq. in. 

With adiabatic expansion the volume of the gases 



\ 14.7X1**/ 



I»5s of power due to back pressure in exhaust pipe 

the weight of the piston displaced volume because the 
volumes are proportional to the weights. 
The above formula reduces to the form 

.+ (— )-(— )(-^)-."« 

\r— l/ \r— 1/ \ ik7X 1**/ 

/14.7X 1**\ 
Multiplving this ratio (2) bv the ratio of j | 

\ p / 

will give a value which will represent the ratio of the 
actual power to the full power. 

Example : — 

An engine running at 1,SU0 r.p.m. delivers 300 h.p. 
It is desired to know what power tlic motor will develop 
at 1,500 r.p.m. with an exhaust back pressure of 18.5 
lbs. per sq. in. absolute, and an inlet pressure to the 
carburetor of !6.l lbs. per sq. in. absolute. 

It is necessary to change the results to standard condi- 
tions with an inlet pressure to the carburetor of 14.7 
pounds per sq. inch. 

The exhaust back pressure for an inlet pressure of 



8.5 



14.7 ii 



- X l+.7 = 



16.9. The ratio from the cliart i: 



= ratio of weight drawn into the motor to 



.85 and multrplyjng 300 x .85 ^255 h.p. as the pow 
expect with tliis back pressure. 



CHAPTER XXII 
EFFECT OF ALTITUDE ON FUEL ECONOMY WITH AND WITHOUT COMPRESSOR 



Assumptions: — (a) Without compressor, engine 
power varies as the density of the atmosphere. With com- 
pressor the engine power is constant up to 20,000 feet 
altitude and varies with the density above that. 

(b)Specific fuel consumption of engine with the com- 
pressor is constant and equal to .65 lbs. per b.li.p. hour. 

(c) Propeller efficiency is constant and equal to 77%- 

(d) Weight of plane (complete) 3,100 lbs., wing sur- 
face 450 square feet, 500 b.h.p. motor; ceiling without 
compressor 20,000 feet, and the maximum speed at the 
ground of 131, m.p.h. The power required for sosten- 
sion depends upon the drift coefficient and varies inversely 
as the square root of the atmospheric density. 

For sustension the lift on the wings is equal to the 
weight of the aeroplane then 

W = P Ky Av^ where W = weight of plane P = den- 



sity of the atmosphere; A =:^ area of supporting surfan- 
V^speed in miles per hour; and Ky is the lift cm 
found from model experiments and expressed in tl 
proper units. 
Then: — 

\ p ky A 
The power required to fly at maximum speed depen 
upon the drift coef. at the corresponding Ky. Knowic 



and Ky the 



power expressed in horsepower is 



Ky 
L 
D 





~^ 


-- 


- 


..^- 


-H 


^ 


w 






V 


tr- 


^^' )-i- 


r 


r-t]*^ 


-.r- 


























J-.] :. 










z 








am 


























jn\ nif 


■*« 


'-^/rrrr^r^ 




























































































r'n 




-, 


^ 






















































■■ 


































! 










-^ 


*-, 
























■ 












^,1 




e^ 


i 


■ 




,1 


. 












/ 


r^ 


ca 


rs'v 


V^7 


«rv 






















J- 
















m 


tf^ 


•asa^ 








































I 


j 


























/ 


-* 


' 


\tfn- 








ff 




CI 




















>1 






m ' rev 


<^v 






































^ 


^ 


SU 


n. 


-' 


-: 






i 


























i-- 






































































1 














































i 


























'~ 






- 




^ 


















■ 


























-■ 
























-r 














-- 






... 


■~ 




■1" 




' 










































. : 


















— 












--■-' 
























, 




































22- 




^ 


N. 


— - 


'-,- 



















- 


















fp- 












"T 






9- 


gid 


-Ja 


(# 












.% 


V 




- -1 .- 


^ 


' 










ftn 






! 




























4 






\ 








--^ 










i 
















i; 






•^ 












-- 


-f- 




-^ 






' 






-s, 










-: 


asi 






■ s 




- 


~ 


-«j 


k. 




— 






-,_ 








■1- 


-.+H 





- 












> 


m 














^ 


'^■"' 




-j- 






















--- 


























f 




















'"S 


'^i 


■.Shj 




-L 




^- 




-.L. 


-i- 








... 




■ 
















1 


^ 














.1.. 


— 






























































-:- 


■irj 


enn 




r^^ 


fW 








.... 


> 




- 




















in 


-r 


'\f~ 


-- 




"" 




T- 




\ 














■:- 


-4- 








— 








— 






■:zz 


^_l.._ 


± 




Lid 




'~~ 












-,|_. 


iL 




± 


±_ 


± 


±_ 


-i- 


— 


— 


-U 



EFFECT OF ALTITUDE OX FUEL ECONOMY 



w% 



wv 

L 375 



As the h.p, for the maximum flight speed ' 
compressor is constant, we therefore have 
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.00*2 



— for constant H. P. 

h 
V ^ constant — 



-00793 at 20,000 ft. altitude. 



-;^.0O667 at 15,000 ft. altitude. 



V — 42.5 - 



D 

— 42.3 X 3.09 ; 

- 42.5 X 3.205 . 
^42.5 X 3.375 
= 42.5 X 3.56 = 
= +2.5 X 3.76 = 



= 133 at elevation 
= 136 at 5,000 
= 143 at 10,000 
:151 at 15,000 
= 160 at 20,000 
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It will be seen that the fuel used per mile with and 
without a compressor is about the same, and the distance 
covered in miles with a given fuel supply will be the 
same, but the time to cover the distance will be much less 
when the compressor is used. For instance, at an alti- 
tude of 20,000 feet, the tmie required to- fly a certain 
distance with the compressor will be about one-half that 
without the compressor. 

On Diagram No. 32, the horsepower available was as- 
sumed to have a constant value up to 20,000 feet above 
sea level. This would be true if the pressure on the 
underside of the pistons remained the same. The cor- 
rected curves giving the true value of the horsepower are 
drawn in upon this diagram, showing that the increase in 
power must not be neglected. 



PREFACE TO PART II 
ma WORKING PROCESS OF INTERNAL COMBUSTION ENGINES 



During the past fifteen years the commercial develop- 
ment of the internal combustion engine has come forward 
from a place of questionable utility to a necessity of the 
first rank in the public mind^ and has undergone a process 
of remarkable improvement from a mechanical viewpoint. 
Perhaps no other invention has brought the meaning of 
the word " efficiency " into so much prominence, in this in- 
dustrial era, than has the internal combustion engine. 

Through the forty years prior to the commercial devel- 
opment of the internal combustion engine, inventors 
devised many new fundamental schemes for heat engines, 
only a few of which were destined, however, to an impor- 
tant commercial development. A brief historical review 
allows us to compare the important inventions in this field 
and permits us to show how the efficiency of the internal 
combustion engine has been increased in the sixty years 
past. 

In spite of the remarkable mechanical development 
shown in the construction of gas and oil motors and par- 
ticularly those for use in the propulsion of vehicles where 
specific output is a matter of greatest concern investiga- 
tion of the physical and thermo-dynamic problems encoun- 
tered have been few. Aeroplanes, motor cars, motor 
boats, in which the horse-power per pound of weight 
required is of prime importance as well as is the fuel con- 
sumption efficiency. 

The future development in this field, however, calls for 
an increasing amount of technical information concerning 
the working process (heat-work conversion process) of 
internal combustion motors. 

Lenoir Engine First 

Fig. 1 shows the Lenoir engine to have been the first 
double acting two-stroke engine. Lenoir failed to realize 
success with his engine owing to its low efficiency as con- 
trasted with the steam engine of that day. The actual 
working efficiency was 4% of the heat energy supplied, 
and this low efficiency is attributable to the small expan- 
sion ratio (no compression, small expansion), and also 
because the amount of heat transmitted to the walls was 
relatively large, due to the long time the cylinder walls 
were exposed to the burning and expanding gas and the 
enormous superficial area of the combustion chamber. 

In 1873 Julius Hock of Vienna produced the first petrol 
(gasoline) engine operating on the Lenoir cycle. 

About the time of the appearance of the Lenoir gas 
engine M. Beau de Rochas patented a gas engine based 
on the following postulates: 

1st. The largest volume of gas with the smallest pos- 
sible enclosing surface. 

2d. The highest possible speed of the working piston. 

Sd. The greatest possible expansion ratio. 
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4th. The maximum pressure at the beginning of the 
working stroke. 

It was not, however, until 1876 that the Beau de Rochas 
cycle was approximated in a working engine by Dr. N. A. 
Otto, of Cologne, Germany, who founded The Gasmotor- 
enfabrik Deutz, Cologne, and it was to Otto's inventive 
and practical work that we owe the remarkable develop- 
ment of the internal combustion engine as we have it to- 
day, since all the cycles of operation in use utilize at least 
the essentials of Otto's 1876 gas engine. 

We will now proceed to a discussion of Otto's gas 
engine. In Fig. II the piston strokes and theoretical cor- 
responding gas pressure are indicated graphically by the 
lines and curves AB, BC, CDE and EF. In the first 
piston stroke from A to B we have a horizontal line prac- 
tically, representing admission at atmospheric pressure; 
from B to C the pressure rises from 1 atmosphere to 
5, 6, 7, 8 or 9 atmosphere, as the case may be, which 
pressure is said to be the compression pressure. At the 
end of this second stroke ignition is applied to the com- 
bustible mixture and the pressure rises rapidly, almost 
instantaneously from C to D, all of the mixture having 
burned, expansion follows during third stroke from D to 
E. At E the exhaust is opened and scavenging of the 
burned gases continues to F during fourth stroke at sub- 
stantially atmospheric pressure. 

In Fig. Ill we unite the curves of gas pressure to form 
the theoretical indicator diagram. Fig. IV also shows the 
indicator plotted above the corresponding piston motion 
diagram. 

In designating the theoretical diagrams shown in Figs. 
II, III, and IV we have assumed that: 

1st. Admission of the change takes place at atmospheric 
pressure and scavenging (exhaust) takes place without 
back pressure. 

2d. Combustion is instantaneous, at constant volume 
and no heat is lost during the process of ignition. 

3d. Combustion is complete and perfect. 

4th. Expansion is complete and adiabatic. 

In reality each of these hypothesis are without founda- 
tion and the discussion to this point is only an approxima- 
tion of the natural process undergone during the cycle of 
operation. 

1st. Admission and exhaust involve back pressure, 
caused by the frictional resistance to the movement of 
gases through the port and valves, and further important 
heat interchanges take place between the combustion 
chamber, cylinder walls and the gaseous contents. 

2d. Ignition of the combustible mixture does not take 
place instantaneously, but in certain period of time, vary- 
ing from Mo of a second to ^/6oo second, during which period 
the piston is in motion and the volume varying. Also heat 
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is lost to the walls of the combustion chamber (which are 
at low temperature). 

3d. Combustion is not completed ordinarily during the 
rise of pressure following ignition, and continues during 
a portion of the expansion. 







4th. Expansion is incomplete and cannot be adiabatic 
since heat is lust to the cylinder walls. 

As has been seen the working cycle of Otto's engine is 
distributed over four portions of time and has been called 
half acting, or is said to be of the four stroke cycle type. 

It may be remarked that Otto's engine is a compression 
pump during the first and second phases, it sucks in and 
compresses the mixture; it is only during the third and 
fourth phases that it is a driving engine and conducts a 
real working process. The two processes can be sep- 
arated suction and compression undertaken in o special 
cylinder, a compression pump, and during tlie compression 
the mixture can be forced into tJie second cylinder (power 
cylinder) in which combustion, expansion and scavenging 

This latter method of operation was developed by Clerk, 
Korting, Witting and Hiis, von Occhelhaiiser and Junkers 
and is known as the two-atroke cycle. Of this method of 
functioning Giilchner says, " It is certain that the two- 
stroke cycle of work must serve as the basis for future 
progress in internal combustion motors, and to the exclu- 
sion of all other cycles." 

This view at first championed by only a few engineers 
and constructors is rapidly finding favor among gas and 
oil engine builders, where the problems of size, weight, 
and first cost make it imperative that material be put to 



Daimler and Fernand Forest 

Together with Otto and Langen, Gottlieb Daimler, 
founded the Gasmotorenfabtik Deutz at Cologne, Gf^ 
man,v, in 1872. Ten years later he separated from tbt 
Deutz Company, retiring to Cannstadt, Germany, whete 
he conceived and developed motors operating at the then 
considered frightful speeds of 500-800 r.p.m. First con- 
ceived of for use in smalt boats, Daimler's motor was later 
applied to two-wheeled vehicles in 1886, later on tricats, 
and finally* four-wheeled carriages. Daimler was first lo 
see and take advantage of the possibilities of high crank 
shaft speeds, and his brilliant and indefatigable elTorts 
resulted in the foundation of the motor vehicle industry. 
Daimler's remarkable mechanical improvements resulted 
in improved functioning and increased specific outpnt, 
however, his work was of mechanical rather than thermo- 
dynamie character. 

Fernand Forest 

Working independently and with prodigious energr, 
Fernand Forest, Paris, France, designed and built a great 
many motors of the four-stroke cycle type. Commencing 
in 1881 with a single cylinder gas engine, he proceeded to 
the development of gasoline engines with opposed piston) 
in 1885, a four-cylinder vertical block motor in 1889, two 
six-cylinder motors between 1889-91 and a four-cylinder 
vertical motor, utilizing mechanically operated poppet 
valves, enclosed crank chamber, copper water jackets, 
magneto ignition. In each of these featural developments 
Forest appears to have been first, his work, however, was 
almost unknown and he died without attaining financial 
success, although his motors were the prototype of our 
modern vehicle motors. Recognition for Forest's inven- 
tive genius was secured in 1910, by the combined efforts 
of Marquis De Dion, Arch Deacon Georges Gallice, Paul 
Faure, H. Dunnod and Chas. Faroux, all of Paris, France. 

Diesel's Heat Motor 

In 189.1 Rudolph Diesel, Berlin, edited an article, " The 
Theory and Construction of a Rational Heat Motor," in 
which as a result of special thermodynamic inquiry he de- 
veloped a mode of working and construction which later 
received the highest consideration in technical quarters 
and while his actual working engine developed between 
1897-1900 did not realize all of his proposals, it did mark 
an important step in the development of heat engines, so 
that to-day upward of 200 manufacturing companies are 
building engines operating on the Diesel cycle. 

The working process may be carried out in the two- 
stroke or four-stroke cycle and is as follows: 

(a) During the admission stroke atmospheric air only 
is admitted to the working cylinder, and is then compressed 
(in actual working engines) to from 30 to 50 atmospheres. 
The compression space now contains pure atmospheric air 
of high pressure and temperature which has been produced 
in a purely mechanical way (compression). Into this 
space, fuel under great excess of pressure is introduced 
and Diesel from the first thought of utilising solid fuel 
(coal dust), liquid fuel (petroleum, naphtha, alcohol), or 
gaseous fuel (compressed illuminating gas). 
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(b) Ignition of tlie fuel is insured by the high temper- 
ture of the air at the end of compression. The tempera- 
ure of ignition has a particular value for each fuel under 
iven conditions, and is lower, the higher the pressure 
t which the fuel is introduced. Petroleum behaves par- 
tcularly well in the Diesel Motor and small quantities 
lay be used to start the ignition of heavy tar residues, etc. 

(c) Combustion begins immediately after ignition, ihe 



tempeTatuTf of combuttion is a consequence of the chemi- 
cal occurrences connected with combustion and depends 
on the quantity of air present, which Dietel utes in great 
exceat in opposition to the hitherto customary view that in 
ordinary combustion, the air supply should be but a little 
more than is just needed for combustion. 

(d) The blowing of the fuel into the compression 
space, already filled with dense air of high temperature. 
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occurs during the first portion of the outstroke of the pis- 
ton, and the rate of fuel supply is regulated so as to main- 
tain constant pressure (approximate) during the period of 



lowing Schlottler's comparison (S^e Die Gat Machiu 
1909). The diagram (6) clearly shows at a glance ihe 
increase in efficiencies recorded. The years are drawn as 



^.2^' 







..g-5 ca*^^y3'.y>*3'>v 




abscissae and the efficiencies, based on gas consumption per 
effective horsepower are drawn as ordinates. 

The diagram begin.s with Lenoir's engine, having an ef- 
fective work efficiency of ^fc. In 1867 the free piston 
Otto engine was produced, the working indicator diagram 
of which is shown in Fig. 7. Admission of the combusti- 
ble mixture takes place during the first portion of the oat- 
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injection; at the close of combustion expansion occurs and 
was assumed to be adtabattc (which, however, is not the 
case). Scavenging in the same manner as the gas engine 
now completes the cycle of operation. 

In the first operative Diesel engine tested by Schriiter 
an indicated thermal efficiency of 36% was secured and a 
brake thermal efficiency (effective work elficiency) of 
20%. These efficiencies were far superior to any others 
attained in heat motors (1897) but have since been very 
markedly improved (1918). 

Fig. V shows the indicator diagram of Diesel's motor as 
contrasted with the gas or gasoline engine. Diagrams 1 
and 2 are the theoretical and actual indicators respectively 
for the Diesel constant pressure engine. Diagrams .'t and 
4 are the theoretical and actual indicators of Otto's con- 
stant volume gas engine. 

While the historical development of the internal com- 
bustion engine has been frequently discussed, it is. how- 
ever, not witliout interest to review the development fol- 
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ce of the piston, ignition and combustion then take 
e as in Lenoir's engine. This corresponds to late 
lion in the modern four-stroke cycle engine, and as is 

known is very unfavorable from 3 puiwt of heal eifi- 
;y (since the speed at this point is relatively high the 
ure ignites slowly, tending to fail altogether), owing 
ncomplete combustion and the enormous superficial 

of the mixture volume, 
iedler states in published tests that, owing to late 
:ion the indicated efficiency may drop 30%. The rea- 
lies in the extremely complicated occurrences during 
Dustion, These will be discussed later on in our 
ies. 

rom this point of view the Otto free piston engine pos- 
;3 no advantage thermo-dynamieallr, although the ex- 
^ion ratio is greater, and continue to below atmosphere, 
he expansion ratio is approximately equal to 



w - 



rom the end of expansion the piston must impart to the 
ust gases exactly the same amount of energy which 
give to the piston during expansion below atmos- 

tto's 1867 free piston engine attained about 15% 

ency following with his four-stroke cycle engine, 

t-1878, with about 12% effective. 

lie next step of importance was Diesel's heat engine of 

', with 2a% effective work efficiency. 

lie four-stroke cycle gas engine has been increased in 



efficiency from \9.% in 1878 to 15-19% in 1888 (London 
Exhibition), operating on illuminating gas. Between 
1888-1905 the efficiency was raised to 20-24%. By 1916 
we are able to record the extraordinary high efficiency of 
34.16% of total heat supplied converted into useful work. 

This last result was secured in test by Schrdter, Meyer 
and Dr. Koob with a Gueldner gas engine. 

As an interesting contrast it may be said that the lv:o~ 
stroke cycle gas engine has shown equally good results as 
constructed by vun Occhelhauser and Junkers, with the 
added remarkable result of 3 times the specific power per 
unit piston displacement. 

The Diesel engine has been constructed in increasing 
sizes each year, both two- and four-stroke cycle and its 
efficiency has been increased from 26% (1897) to 37-39% 
(1918) of tutal heat supply eonverted into useful work. 
The United States Government have under construction 
at Brooklyn Navy Yard two six-cylinder, twu-stroke 
cycle Diesel engines of 2,500 b.h.p. each for use in sub- 
marine tenders. 

It is a matter of interest in the comparison to determine 
the product of the area of the combustion chamber per 
horsepower, multiplied by the combined times of combus- 
tion and expansion. This figure gives an approximation 
of the amount of heat lost to the walls relative to the 
amount of heat supplied: 



= 1 
H.P.= 



'ea of combustion chamber 
horsepower. 



. M^ 



r (ft.)'. 



Taking the data of Lenoir's engine; 



Diameter of cylinder^ ICO^/m (65i8 inches). 
Stroke = aooVn, (11*^ inches). 
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B.h.i).= 1. 
Speeds 81 r.p.m. 

Displacement ^ 6 litres (366 cubic inches). 
The area of the comhustion space at the end of expan- 
sion 19.3 sq. m. and the ratio: 

O 

=^ 19,2 sq. metres. 

H.P. 
The time of expansion was 0.185 sec. 

O 

X t= 19.2 X 0.185 = 3.53. 

H.P. 
The expansion ratio was E ^ 2. 

It is to be observed that increased efficiencies have ac- 
companied increased compression pressures, greater ex- 
pansion ratios and shorter times of expansion. Of ex- 
treme importance are the increases in piston speeds 
which have obtained during the last fifteen years, as by 
this means marked improvement in specific capacity, econ- 
omy, etc., have been obtained. We shall discuss this ioi' 
pori:i>nt subject later on in the technical investigation of 
the working process of internal combustioa engines. 

The examination of the physical occurrences now de- 
mands the study of the nature of the fuel utilized,,the real 
process of combustion and of the experimental data on 
hand concerning it. 
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Because of the Teal interest in the Diesel heat n 
shall contrast its development as a constant ] 
engine from time to time with the Otto or Clerk < 
volume engines. 
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AVIATION ENGINE DEVELOPMENT 



The first mechanical flight was made in October, 1897, 
at Satory, France, by M. Ader, a French electrician and 
scientist, and was witnessed by a delegation of scientists 
appointed by the French Minister of War. It is said that 
the conditions under which this flight was made were most 
unfavorable, the wind being of sufficient strength to have 
made it difficult for modern aviators to fly. Nevertheless, 
Ader succeeded in flying some tS50 yards. The Ader ma- 
chine was a monoplane with wings of bat-like form, and 
was the prototype of a modern plane in a number of 
particulars, in that the landing gear was mounted on 
wheels as is now conventional in land-type machines. It 
was driven by two four-bladed propellers and arranged as 
a tractor. The power plant was steam, with total weight 
of 6Vi lbs. per horsepower. The engines alone weighed 
slightly over 2 lbs. per horsepower. 

With the exception of the Wrights in America, Santos- 
Dumont was the next aviator to succeed in flying, which 
he did in a small machine called the Bagatelle, in August, 
1*906. From this time on a considerable interest was man- 
ifested in aviation, and in 1907 we find the names of Leon 
De Lagrange, Farman, Robert Ernault Pelterie, De la 
Vaux, Breguet and Bleriot. These men gave aviation its 
impetus in France, and each of the names is connected 
with modern ventures. The actual invention of various 
types of machines which are now used dates back as far as 
14-50, to Leonardo da Vinci and Dante de Perouse. Of 
course, every one is familiar with the names Langley, Lili- 
enthal, Chanute and the Wrights. The contributions 
made by these men to the development of aviation at a 
time when the whole idea of flying was laughed at are of 
inestimable value. 

Early French Development 

The various French automobile manufacturers were 
called upon in 1906, 1907 and 1908 to construct light 
engines for aeroplanes, and the iirst of these followed 
closely the design of the type of automobile engine then in 
use. These engines soon proved unsatisfactory. 

There then came a period of development during which 
many diff'erent types were built and tested, most of which 
would now be considered freaks, such as the Beck engine, 
whicli had pistons oscillating in a ring-formed cylinder, 
the diameter of the ring being about 30 in. The mechani- 
cal construction of such a device is exceedingly difficult. 

The first good flying engine in France, the E. N. V., 
was built in two different sizes (50 and 80 h.p.) and was 
very much like the modern eight-cylinder automobile en- 
gine, except that the cylinders were cast individually and 
had electrolytically deposited water-jackets. The work- 
manship on these engines was equal to the finest that has 
since been seen, and their performance made possible nu- 
merous short flights of many aviators between 1907 and 
1910. 

The Antoinette engine was also developed in this period, 
in eight, twelve, sixteen and twenty-four cylinders. The 



engine fairly successful, and was also of very light weight. 
It had the peculiarity of not utilizing a carburetor, but had 
individual fuel-feed lines piped to the cylinders immedi- 
ately above the inlet valves, which were of the automatic 
type. This construction was of much lighter weight than 
a carburetor and intake piping would have been, and I 
believe should be returned to. 

Aviation engines were also built by Panhard, Renault, 
Mores and Gregoire. The only one of these designs 
which was followed up before the opening of the war was 
the Renault V-type air-cooled engine, which was built in 
the form of a V of four cylinders. Later this construc- 
tion was extended to eight and twelve cylinders. Reports 
of tests of these and other aviation engines were published 
in the official bulletin of the Automobile Club of France in 
1909-14, and some of them showed very good results. 
The Renault and Panhard companies both built water- 
cooled, steel-cylinder engines as early as 1908, and were 
thoroughly aware of the advantages of the steel construc- 
tion at that time. 

Difficulties of Construction 

Owing to the fact that the power required was scarcely 
ever more than 80 and usually was 50 h.p., the aviation- 
engine designers of this early period were confronted with 
vastly greater difficulties than are our modern construc- 
tors. None of the stationary-cylinder types was reduced 
in weight below 3 lbs. per h.p. except the Gnome engine, 
which appeared in 1908, and was 30% lighter than any 
other engine of that period, weighing only 2 lbs. per h.p. 
and had an output of about 35 h.p. 

In October, 1909, Farman succeeded in flying three 
hours and four minutes with a Gnome engine. It was in 
this year that Glenn Curtiss went to France and astounded 
the world by carrying off the Gordon Bennett Cup with a 
Curtiss biplane driven by a Curtiss 3% by 3%-in. engine. 
This engine is said to have weighed 200 lbs. and gave 35 
h.p. at 1,000 r.p.m. 

In 1909 Louis Bleriot succeeded in flying across the 
Channel in a Bleriot monoplane driven by a three-cylinder 
25-h.p. Anzani engine. The flight was made in barely 
one-half hour, and it was immediatelv after this that the 
British War Office first became interested in the military 
possibilities of heavier-than-air machines. Shortly after 
Lord Northcliffe organized the £5,000 Daily Mail Contest 
Prize, won by Colonel Cody for a flight from London to 
Manchester. 

From this time on considerable interest in aviation was 
manifested in all European countries. Each of the vari- 
ous governments took it upon themselves not only to in- 
vestigate the military possibilities of aviation but also to 
afford substantial support to the builders of aeroplanes 
and aeroplane engines. This is particularly true of Ger- 
many, where in 1913 the Kaiser Prize Contest for the best 
aviation engine that could be developed was held. In 
addition to prize contests, substantial subsidies were ar- 
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ranged for firms capable of building aviation engines, and 
lliis not only stimulated but made possible the development 
of such engines as the Mercedes and Benz in Germany. 

We unfortunately have regarded the aeroplane as a sort 
of curiosity in this country, and it is only now that we are 
commencing to appreciate its military value, and only a 
small percentage of the people with whom I have talked 



TEXTBOOK OF AERO ENGINES 




in France during 1016. These I have had dismantled 
and can now give the full particulars of a 170 ti.p. Btw 
and of a twelve-cylinder engine of the Mercedes typt. 
which was probably built by Renault. 

Mercedes Engine 

The 150 h.p, six-cylinder Mercedes has 140 mm. bow 
and 160 mm. stroke. This type won all the imporlml 
places in the Kaiser prize contest with the exception of Ibt 
first prize, which went to the Benz. The Mercedes Com- 
pany started with six smaller sized cylinders, namely lOS 
mm. bore and \iO mm. stroke. The principal featoresof 
the design are forged steel cylinders with forged 8l«l 
elbows for gas passages, pressed steel water jacket), 
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Cross section Kenault twelve-cylinder engii 



seem to think there is possible any real commercial use 
of the aeroplane. Fortunately, this view is not held by 
every one, and while it is yet im)>ossible to say in what 
direction the aeroplane will be most used in times of peace, 
it is my own belief that aerial transit will be developed 
within the next ten years so that it will be possible to 
trai'el with all the security and comfort of a modern Pull- 



man car and with 

before this time we shall hi 

Our immediate concern i 



saving of time. Doubtless 

not, however, with either the 
past or future of aerial travel for sport or pleasure but 
with the grim business of building planes and engines for 
war. That a real task is ahead of us to develop satis- 
factorily aviation engines must be apparent to any one who 
has reviewed, tn even a casual way, the happenings of the 
last three or four years. 

The size of the planes and the speed ha 
leaps and bounds during the period of the v 
facility with which man now flies is almost equ 
of birds. The largest sized successful aeropla 
built up to 11109 WIS the 100 h.p. Antoinette, 
planes were flown with a total of 1.700 h.p. 

It was my good fortune to secure from Bai 
Hunrd two of the aviation engines whi 



icreased bv 



1 to that 
e engine 
Last year 



; shot down 



which when welded together form the cylinder assembly, 
the use of inclined overhead valves operated by means of 
an overhead camshaft through rocker-arms, which multi- 
ply with the motion of the cam. By the use of steel cylin- 
ders, not only is the weight greatly reduced, but distortion 
through unequal sections, leaks and cracks are entirely 
avoided. The construction is necessarily very expensive. 
It is certainly a sound job. In the details of this con- 
struction there are a number of important things, such as 
finished gas passages, water-cooled valve-guides and ■ 
very small mass of metal, which is water-cooled, aorronnd- 
ing the spark plug. It is necessary to ase very high coiu- 
pression in aviation engines in order to secure hi^ power 
and economy, and owing to tiie fact that they are worked 
at nearly their maximum, the heat flow throDgli the cylin- 
der piston and valves is many times hi^er than that en- 
countered in automobile engines. It has been found nec- 
essary to develop special types of pistons to carry the 
heat from the center of tiie head in order to pre . ent pre- 
ignition. 

In the Mercedes engine the pistons have a drop-forged 
steel head, which includes the piston pin boss. This head 
is screwed into a cast iron skirt which has been machined 
inside to secure uniform wall thickness. 
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The carburetor used on this 150 h.p. Mercedes engine is 
precisely of the same type used on the twelve-cylinder en- 
gine which I shall describe. It has two venturi throats, 
in the center of which is placed the gasoline spray nozzle 
of convenlioual type with fixed orifices, immediately above 
which are placed two barrel-type throttles with side out- 




Cylinder head of Renault twelve 



lets. An idling or primary nozzle la arranged to dis- 
charge above the top of the venturi throat. The carbu- 
reter body is of cast aluminum and is water-jacketed. It 
is bolted directly to an air passage passing through the 
top and bottom half of the crankcase, which passes down 
through the oil reservoir. The air before reaching the 



carburetor proper has to some extent cooled the oil in the 
crank chamber and has itself been heated to assist in the 
vaporization. The inlet pipes are copper. All the pas- 
sages between the venturi throat and the inlet valve have 
been carefully finished and polished. The only abnormal 
thing in the design of this engine is the short connecting- 
rod, which is considerably less than twice the stroke and 
would be considered bad practice in automobile engines. 
A short connecting-rod, however, possesses two very real 
virtues: it decreases the lieight of the engine, and the 
piston passes over the bottom dead-center much more 
slowly than is the case with a long rod. 

Other features of the design are a very stiff crankcase, 
both halves of which are bolted together by long through 
bolts, the crankshaft bearings are seated in the lower half 
of the crankcase Instead of in the usual caps, and no pro- 
vision is made for adjustment. The Mercedes Company 
uses a plunger type of oil-pump having mechanically oper- 
ated piston valves and driven by worm gearing. 

The overhead camshaft construction is extremely light. 
The camshaft is mounted in a nearly cylindrical cast- 
bronze case and is driven by bevel gears from the crank- 
shaft. The vertical bevel-gear shaft through which the 
drive is taken from the crankshaft to the camshaft oper- 
ates at one and one-half times crankshaft speed. The 
reduction to the half-time camshaft is secured through a 
pair of bevel gears. On this vertical shaft the water- 
pump and a bevel gear for driving two magnetos are 
mounted. The water-pump mounted on this shaft 
tends to steady the drive and avoid vibration in the 
gearing. 

The sizes of six-cylinder aviation engines built by Mer- 
cedes are as follows: 



No 



Bore 



Stroke Horsepower 




Views of the Bens six-cylinder aviation engine 
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Renault twelve-cylinder V-type e 



The larf^t of these, No. 4, has recently had its horse- 
power increased to 176 at 1,450 r.p.m. This general de- 
sign of engine has been the foundation for a great many 
other designs, some of which have proven successful hut 
none of whicli, in the author's estimation, is equal to the 
original. 

Among those that follow more or less closely the scheme 
of design and arrangement are the Hall-Scott, the Wis- 



consin, the Renault, the Packard, the ChristofFerson and 
the Rolls-Royce. Each of these shows considerable varia- 
tion in detail. The Rolls-Royce and Renault are the only 
ones in which the steel cylinder with the steel jacket hu 
been used. The Wisconsin engine has an aluminnni 
cylinder with a hardened steel liner and cast-iron valve- 
seats. The Christofferson has somewhat similar design to 
the Wisconsin with the exception that the valve seats arc 
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DiagrammalJc arranfCFinent of Renault gearing 
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tlircaded into tlie aluminum jacket and tile cylinder head 
has a blank end which is secured to the aluminum casting 
by tile valve-seat pieces. The Rolls-Royce engines show 
small differences in details of design in cylinder head 
and camshaft housing from the Mercedes on which patents 
have been taken out, not only abroad but in this country. 

Renault Engine 

The first important peculiarity of the V-type twelve- 
cylinder Renault engine of 125 mm, bore and 160 mm. 
stroke is a small angle between the cylinders, only 47^; 
dcg., which enables the body width to be considerably less- 
ened, thus reducing the head resistance. The cylinders of 
this engine are almost a duplicate of the Mercedes design 
of steel cylinders, with the exception that the elbows in 
which the valves are inserted are not so carefully designed 
and the water-jacket is carried around only one side of the 
exhaust-valve stem, whereas in the Mercedes engine the 
water-jacket completely surrounds the exhaust-valve stem. 
It appears to be absolutely essential to cool the exhaust 
valve as much as possible, since preignition is likely to 
occur usually from one of three sources, the spnrk-])lug, 
which is tiie arch offender, the exhaust-valve, or the center 
of the piston head. There are two valves for each cylin- 
der 66 ram. (2% in.) diameter. The valve port is 61 mm. 
(2% in.). The inlet to the elbow is 53 ram. (l?.is in.) 
in diameter. The valve stems are both 11 mm. ('/ifi in.) 
diameter, with a head approximately %i in. thick and a '1'5 
dcg- seat % '"■ wide. 



The end of the valve stem is threaded to carry tiie 
spring cup and lock nut. Each cylinder barrel and head 
is machined from a forged bar after which the intake and 
exhaust elbows are welded on and finally the pair of cylin- 
ders are encased in a jacket which is welded from three 
pieces of steel about 'Ss in. thick. The cylinder walls 
themselves are 3 mm. (Itn in.) thick. A standard two-bolt 
flange is used for all intake and exhaust port connections 
and has been profile-milled out of steel. The flanges are 
screwed on the cylinders and welded and brazed on the 
intake and exhaust pipes. These cylinders have been 
through a fire as the engine was shot down, hence their 
mottled appearance, but they were originally beautifully 
enamelled on the outside. 

The pistons are of cast iron and are the only heavily 
designed pieces in the engine. It certainly seems as 
though these could have been considerably lengthened. 
The piston carries three concentric rings which are pinned 
at the ring gap and have a deep annual rib between the 
bosses. The pistons are also unusually short, only !).'i ram. 
(n-!4 in,) in length. The piston-pin is 38 mm. (I'i in.) 
diameter, and has a % in. wall and is locked with a single 
set screw and cotter pin. There are eighteen ^'ii-in. holes 
drilled into the .skirt, but these holes must have been 
drilled for oiling purposes, as they do not materially re- 
duce the weight of the pistons, which is 1975 gm. 

The connecting-rods are of the articulated tyjje, and the 
short rod is alternately arranged from right to left cylin- 
der from the front to the back of the engine. 

The connecting-rods are made of B. X. D. steel, I-beam 




Bern piston and connecting rod assembly 
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I, with a flange and web 2 mm. thick. The flanges 
> mm. (i'Kh in.) and tlie web is 31 mm. (iMk' in.) 
In the sbort connecting-rod both ends of the rod 
ike. The length of the rod is 300 mm. (ll'->ie in.). 
od C8|i is secured by means of three bolts, two of 1 1 
'AS: in.) diameter and one of M mm. (fin in.) dium- 

: crankshaft i.s carried in fonr babbit-lined bronze 
which in turn arc secured to ribbed-steel bearing 

: bearing caps are locked in the top of the cate 
ans of long L"-bolts, such as are sometimes used on 
obile spring-saddles. The crankshnft has a diam- 
f 60 mm. (2%4 in.) throughout with the exception 

propeller shaft-end, where the diameter is increased 
mm. (2^%i in.). The crankpins and main bearings 
•\i. mm. (27'^M in.) long with the exception of the 
ller-cnd bearing, which is 92 mm. (.3->k in.) long, 
haft is drilled out for lightness, but oil is carried 
the miiin bearings by means of thrower rings and 
ite smitll steel pijies to the connecting-rod big-ends, 
rent end of the crankshnft is splined to mount the 
ig gear and accessory drive. The bottom half of 
■ankcase simply serves as an oil-pan and has a 

se|iarating it into two partitions. The water-pump 
jnted on the front of the engine from the bottom 
if the crank chamber, and has an ingeniously de- 
douhle runner with double collecting chambers. 
fater is j>iped to either side of the engine through 
r pipes, and rubber eonni'ctions are interposed to 
it cracking of joints due to vibration. 



The carburetor diff'ers from the Mercedes only in that it 
uses n single float chamber instead of two. Two carbure- 
tors are mounted on either .side of the engine and bolted to 
either side of the crankcasc by means of long studs. The 
intake pipes, which are fastened by means of unions to the 
carburetor, arc made of copper tubing 48-mm. {l''liu in.) 
diameter. 

The carburetor has n ])air of primary noszles and a pair 
of secondary nozzles and an auxiliary air valve, which con- 
sists of an annual ring mounted concentrically with a 
venturi throat. It would seem that this auxiliary air 
viilve was a dangerous construction to go up in the air 
with, as it is very likely to stick. 

The oiling system is extremely simple. Oil {9 carried 
through cast ducts in the front and rear compartments of 
the crank chamber to the main bearings. It is also carried 
from these ducts through two copper tubes up to the over- 
head camshaft ease and passes through the camshaft case 
and returns down through the distributing gearing case to 



the 



np. 



The valve gear is of elaborate, expensive design. The 
main scheme of the constrnction is to use a tight steel tube, 
carried on the studs from the cylinder head, which is 
slotted to take bronze cages that form both the camshaft 
bearings and the rocker-arm mountings. The rocker arms 
are arranged to multiply the cam motion so that the valve 
opens la mm. (% in.) The camshafts and the driving 
shaft are driven through straight bevel gears of li\A mm. 
(V-; i") f'*"'- The inclined shafts which drive the cam- 
shafts operate at three times camshaft speed. The high 
speed of these shafts and the resultant lowering in torque 



PREFACE TO PART II 



on them allows their weight to be considerably decreased. 

At first sight it would seem tiiat the gearing in the 
Renault engine is a complicated and expensive one, but ■ 
this arrangement turns out to be cheaper and much ligliler 
than where a train of spur gears is used fur driving mag- 
netos and camshafts. The Peugot Company introduced 
the use of spur gears for overhead camshaft driving, and 
this construction has been copied by Sunbeam, Wisconsin 
and Packard. In a twelve or an eigh teen-cylinder engine 
the gears necessary with this gearing arrangement form a 
maze of complications. The Kolls-Royce, Hisjiano-Suiza, 
Hall-Scott, and Christofferson use bevel gears for driving 
the camshaft. All these designs are more or less an im- 
itation of the original Mercedes. A few of the imitators 
seem to have grasped the imporlanee of operating the aux- 
iliary shaft at high speed. 

There are four magnetos mounted on the same axis, each 
pair being driven tlirough a spur gear, which in turn 
meshes witji a spur gear which is slidobly mounted on a 
splined magneto drive-shaft. The magneto drive-shaft 
terminates at its forward end in the sleeve of a bevel gear, 
and is helically splined into the bevel gear so that when 
longitudinally displaced the shaft is also angularly dis- 
placed. This construction is costly, but is tlie best one the 
author has seen, since it avoids many connections to mag- 
neto breaker boxes, and also insures a spark of the same 
intensity, regardless of whether the ignition i* advanced or 
retarded. 

At the front end of the crankshaft is mounted an alumi- 
num six-cylinder air-starting motor, which engages the 
crankshaft by an over-running clutch. Tliis air-starting 
motor has a single inlet and discharge valve for six cyl- 
inders, of the rotating disk type. A hand-starting gear 




Renault engine showing construction of pistons 



and the starting 
this starter. 



magneto drive is also built integral with 

The Benz Engine 

In the Kaiser Prize Contest for aviation engines a four- 
cylinder Benz engine, 130 by 180 mm. won first prixe, 
developing 103 h.p, at 1,290 r.p.m. The fuel consumption 
was 210 gra. per h.p. per hr. Total weight of the engine 




Water pump of the Renault engine 




Renault piston construction 
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was 1 S3 kg. The oil consumption was 0.03 kg. h. p. per hr. Weight of exhaust pipe complete. 

This engine was afterward expanded into a six-cylinder kilograms i 4.8 £',^ 

design, and three different sizes were built. Weight of propeller hub, kilograms SY^ 4 4 

The accompanying table gives some of the details of Price, including cooling radiator, 

weight and liorsepower for the Benz engines: marks 10,000 1 1,500 I (,000 

Engine type I''B FD FF The Benz cylinder is a simple, straightforward desipi 

Rated horsepower 8.'> lOO 1^0 and is not particularly difficult tn manufacture. The 

Horsepower at 1,250 r.p.m 88 108 150 cylinder is of east iron without a water-jaeket and includes 

Horsejwwcr at 1 ,350 r.p.m 95 115 1 60 45-dg. angle elbows to the valve ports. The cylinders are 

Bore, millimeters 100 116 1^0 machined wherever possible, and at other points are hand 

Stroke, millimeters 150 160 180 filed and scraped, after whicli a jacket which is pressed 

Offset of cylinders, millimeters 18 20 20 in two halves is gas-welded on. The bottom and top of 

Gasoline consumption, grams per the cylinders become water galleries, and by this means 

hour 24-0 230 225 separate water pipes, with their attendant weight and eom- 

Oil consumption, grams per b.h.p. plication, are eliminated. Rubber rings held in aluminum 

per hour 10 10 10 clamps serve to connect the cylinders together. The 

Oil capacity, kilograms 36 4 ^y^i cylinder walls are i mm. (%-^ in.) thick, and the cambus- 

Water capacity, liters 5l/i 7M; ^Yl ''■"* chamber is of cylindrical pancake form and is 11(1 

Weight with water and oil but with mm. (5t^ in.) diameter. The valve seats are 68 mm. 

two magnetos, fuel feeder and air (2'Viii in.) diameter and the valve port is 62 mm. 

pump, kilograms 170 200 245 (2^n in.) diameter. 

Weight of engines, including water- The passage joining the port is 57 mm. (2U in.) in di- 

punip, two magnetos, double ig- ameter. In order to insert the valves into the cylinder the 

nition, kilograms 160 190 230 valve stem is made with two diameters, and the valve has 
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Cross section of Bern engine — through cylinder and through carburetor 
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ibly of Bens six-cylinder engini; 



:d be cocked to insert it in the guide, which has a bronze 
rushing at its upper end to compensate for the smaller 
.■alvc stem diameter. The valve stem is U mm. (?i& in.) 
n diameter and is reduced at its upper portion to Q'/a 



mm. (% in.). The valves are operated througli a push- 
rod and rocker-arm construction, which is eM'ccdingly 
light. The rocker-arm supports are steels with enlarged 
heads to take a double-row ball bearing. A roller is 
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Benz construction of valves and valve 



mounted at one end of the rocker-arm to impinge on the 
end of the valve stem and the rocker-arm has an adjust- 
able globe at the other end. The push-rods are light steel 
tubes of 11 mm. ('/ifi in.) diameter with a wall thickness 
of % mm. (%2 in.) and have a hardened steel cup at their 
upper end to engage the rocker-arm globe stud and a 
hardened steel globe at their lower end to engage in the 
roller plunger. 

The Benz camshaft has a diameter of 26 mm. ('I^i in.), 
and is bored straight through with a diameter of 18 mm. 
(*%s in.). A spiral gear made integral with the shaft in 
about the center of its length drives the oil-pump gear. 
The cam faces are 10 mm. (^m in.) wide. There is also, 
in addition to the intake and exhaust cams, a set of half 
compression cams. The shaft is moved longitudinally in 
its bearings by means of an eccentric to put these cams 
into action. At the front end of the shaft is a driving 
flange, which is small in diameter and thin. The flange is 
68 mm. (2'Vi& in.) diameter, i mm. (%i in.) thick, and is 
tapped to take six 6 mm. bolts. Total length of the cam- 
shaft is 1038 mm. (40% i"-) and it becomes a gnn-boring 
job to drill a hole of this length. 

The camshaft gear is 1 tO mm. (S'/i in.) outside diam- 
eter. It has r>l teeth and the gear face is 1,^ mm. ('%j 
in.). The flange and web have an average thickness of 4 
mm. (%2 in.) and the web is drilled full of holes. A 



gear serves to drive the magnetos and tachometer, also the 
air-pump. The shaft is made integral with this gear and 
has an eccentric portion against which the air-pump 
plunger roller impinges. The seven bearing crankshaft is 
finished all over in a beautiful manner and the shaft from 
the particular engine we have shows no signs of wear 
whatever. The crankpins are 55 mm. (2^%i in.) diameter 
and 69 mm. {2^%2 in.) long. Through both the crank- 
pin and main bearings is drilled a 38 mm. (1%* in.) hole. 
The crankcheeks are plugged with solder and are also 
built to convey the lubricant to the crankpins. At the 
front end of the crankcheek there is pressed on a spur 
driving gear. Screwed on to the front end of the shaft is 
a piece that forms a bevel water-pump driving gear and 
the starting dog. At the rear end of the shaft, very close 
to the jiropeller hub mounting, a double thrust bearing 
takes the prooeller thrust. 

Long- shouldered studs are screwed into the top half of 
the crankcase and pass entirely through the battam half. 
The case is very stiff and v.ell ribbed. The three center- 
bearing diapiiragms have double walls. The center vue 
serves as a duct through which the water pipe passes, and 
those on either side of the center from the carbtiKtor 
intake air passages and arc enlarged in section at one side 
to take the carburetor barrel throttle. 

The pistons are of east iron, and carry three concentric 
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Renault twelve-cylinder engine 



rings, Yi in. wide, wliicl) are pinned at the joint. The top'- 
of the piston forms the frustum of the cone. The pistons 
are 110-mm. (im» in.) in length. The lower portion of 
the skirt is machined inside and has a wall thickness of 
1-mm. {M-i in.). Riveted to the piston head is a conical 
diaphragm that contacts with the piston pin when in 
place and serves to carry the heat ofF the center of the 
piston. 

The connecting-rods are tubular and have a four^bolt 
construction on the big end, babbitt-lined bronze bushings, 
and are locked in place by bolts that pass through the 
sides of the bushings. The shank of the rod is ^l^-nim. 
(l'4 in.) diameter, and is in the form of a tube with the 
wall i¥t mm. ('Ae in.) thick. The connecting bolts are 
lO-mm. or slightly over % in. diameter. The piston-pin 
is 30-mm. (iWo in.) diameter and has a 19-mm. (%-in.) 
hole bored straight through. It is retained in tlie piston 
by a thread taper pin which screws into the piston-pin 
boss. The end of the piston-pin is slotted so that the 
taper pin expands it and forms a certain retention. 



The oil-pump assembly comprises a pair of plunger 
pumps, which draw oil from a separate outside tank. 
Constructed integrally with it is a gear pump which de- 
livers the oil under about 60-lb. pressure through a set of 
copper pipes in the base to the crankshaft bearings. The 
plunger oil-pump shows great refinement of detail. A 
worm wheel and two eccentrics are machined up out of one 
piece and serve to operate the plungers. 

This Benz engine is the most attractive from a manu- 
facturing standpoint of any the author has seen, but un- 
fortunately the progress in aviation engine design has been 
so rapid that the design is already obsolete. 

The mean eiTeetive pressure secured in this engine was 
probably never over 108 lb., and some of the European 
engines are now giving 30 lb. higher mean elFective pres- 
sure than this. In fact, the Benz Company has produced 
a later design with four valves per cylinder of the same 
size, 130 by 180-mm,, which gives 225 h.p. at 1,500 r.p.m. 
No details of this construction are available so far as I 




Austro-Daimler engines — six cylinder and four cylinder 
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Sunbeam Aviation Engine 

The Sunbeam engine lias been developed by Louis 
Coatalen. At the opening of the war tlie largest size was 
^25 li.p., was of tilt' L-Iicad type having a single camshaft 
for operating valves and was an evohitinn from the 12- 
cylinder racing car the Sunbeam Company had previously 
built. Since 191 1 the Sunbeam Company has produced 
engines of six, eight, twelve and eighteen cylinders of 
from 130 to 300 h.p. with both iron and aluminum cvlin- 
ders. 



which has a bore and strole 
of 120 and 130 ram., inii 
weighs 450 lb. This enpac 
is of an aluminum-block roii' 
struction witli steel slerm 
inserted. Three valves are 
used, one for the inlet and two 
for the exhaust. One cam- 
shaft operates the tliree 
valves. This is also being 
produced by the Austin Mntor 
Com|mny. 

The modern Sunbeam en- 
gines operate with a mean ef- 
fective pressure of i:i.j lb. 
and with a compression rntio 
of 6 to 1 at sea level. Tlie 
connecting-rods are of tbe 
articulated type a-i in the 
Renault engine, and arc very 
short These engines wcigli 
2.6 lb. per b.h.p., and can go 
through a ]0(l-hr. test with- 
out trouble. The lubricating 
system compriKes a dry base 
and oil-pump for drawing the 
oil off from the base, whence 
it is delivered to the filter and cooling system. 

It then is pumped by a separate high-pressure gear- 
pump through the entire engine. In these larger Euro- 
pean engines, castor oil is used largely for lubrication. 
It is said that without the use of castor oil it is impos- 
sible to hold full power for five hours. 



Curtiss Engine 



For the last two 
head camshafts 



ith 



intake and exhaust 
The camshafts are connected 
through to the crankshaft by 
a train of spur gears, each of 
which is mounted on two dou- 
ble-row ball bearings. 

In the twelve-cylinder, 350 
h.p. engine, operating at 2,100 
r.p.m., it requires about i 
h.p. to operate the camshafts. 
This engine gives 362 h.p. 
at 2,100 r.p.m. and has a fuel 
consumption of 0.31 lb. per b. 
h.p. per h.p. The cylinders 
are 110 by IfiO mm. The 
same design has been ex- 
panded into an 18-cylinder, 
which gives 523 h.p. at 2,100 
r.p.m. 

There lin.s also been devel- 
oped a successful eighl-cyl- 
inder engine rated at 220 h.p.. 



ars all the engines have had ovcr- 
i seiiarate shaft for operating the 



The Curtiss OX engine I 
5-in, stroke, delivers 90 h.| 
1.17 lb. p. It has cast-irt 
jackets, overhead inclined \ 



s eight cylinders, l-in. bore, 
at l.tOO r.p.m., and weighs 
cylinders with monel-melal 

ves operated by two rocker- 




IJenK cylinder construction 
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Fig. 1. Pressure diagrHm of offset rranksliaCt 

arms, push and pull rods from the central camshaft lo- 
cated in the cronkiase Tht cam and push rod desiffn is 
extremely ingenious and the whole ^ahe construction is 
very light. 

This engine is an evolution from the earlv type, which 
was used by Glenn Curtiss ^hen he won the Gordon Ben- 
nett Cup at Rheims 

A slightly larger edition of this t\pe is the 0\X, which 
has cylinders 4"/i bv 5 in delivers 101) h p at 1 *00 r.p.m. 
and has the same fuel and oil consumption as the OX type 
engine, namely .0€ lb of fuel per b h p per hr , and O.O;! 
lb. of lubrication oil per b h p ptr hr 



Fig. 3. Curves showing variation of temperature witli altitude 

The Curtiss Company has developed in the last two 
years a larger size engine now known as V-2, which was 
originally rated at 160 h.p., and which has since been im- 
proved so that it gives 220 h.p. at 1,400 r.p.m., with a 
fuel consumption of 0.52 lb. per b.h.p. per hr. and an oil 
consumption of 0.03 lb. per b.h.p. per hr. This larger 
engine has a weight of 3.t5 lb. per h.p. and is said to be 
giving satisfactory .service. It has drawn steel cylinders 
with a steel water-jacket top and a monel-metnl cylindri- 
cal jacket, both of which are brazed on to the cylinder 
barrel itself. 

Both these engines use side-by-side connecting-rods and 




diagrams showing the effect of offsetting the cylinder 
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Fig. 4. Curve showing variation of density with altitude 

fully forced lubrication. The caonshafts act as a gallery 
from which the oil is distributed to the camshaft bearings, 
the crankshaft bearings, and the gearing. Here again 
we find entremely short rods, which, as before mentioned, 
enable the height and the consequent weight of construc- 
tion to be much reduced. For ordinary flying at altitudes 
of five to six thousand feet, the engines are sent out with 
an aluminum liner, bolted between the cylinder and the 
crankcase in order to give a compression radio that does 
not result in preignition at a low altitude. For high 
flying, however, these aluminum liners are taken out and 
the compression volume is decreased to about 18.6 per 
cent, of the total volume. 

The V-2 Curtiss engine has been built in a twelve-cylin- 
der design which gives 350 h.p. at about 1,600 r.p.m. 
Glenn Curtiss mounted one of these engines in a hydro- 
plane boat and obtained a phenomenal speed of 66 m.p.h. 
The Curtiss Company is arranging to turn out I, SOD 
planes a month at its various plants, which gives some idea 
of the progress that is being made in getting out the quan- 
tity of aeroplanes. 

Austro- Daimler Engine 

One of the first successful flying engines developed in 
Europe is the Austro- Daimler, which was built after the 
designs of Herr Porsche. The first of these had four 
cylinders, 120 by 140 mm. bore and stroke, with cast-iron 
cylinders, overhead valves operated by means of a single 
rocker-arm, controlled by two cams. The valves were 
closed by a single-leaf spring which oscillated with the 
rocker-arm. The cylinders were cast singly, and had 
either copper or steel jackets applied to them. 

The four-cylinder design was afterward expanded into 
the six-cylinder design and still later a sii-cylindcr engine 
of ]30 by 175 ram. was developed. 

The rights to construct this engine in Great Britain and 
the Colonies were secured by William Beardmorc & Son. 
of Glasgow, Scotland. The engine is also being built by 
T. C. Pullinger and Arrol Johnston of Dumfries, Scot- 
land. This engine has an ofl'set crankshaft. In my esti- 
mation the intake pipe and carburetor arrangement on 
this are the best of any of the aviation engines. 



The lubrication also is dllferent from any other aria- 
tion engine, since individual high pressure metering pomps 
are used to deliver fresh oil only to the bearings and cvlin- 
ders, as was the custom in automobile practice some ten 
years ago. 

Effect of Offset Cylinders 

Two of the engines described, the Benz and Austro- 
Daimler, have the olfset crankshaft construction. This 
has for a long time been common in German and Belgian 
construction. OITsetting the crank has two effects, one to 
decrease the guide pressure of the piston and cylinder, and 
tlie other (which is purely a secondary effect) to lengthen 
the stroke of the piston as the offset is increased with anj 
given crankpin circle. 1 have drawn four figures to show 
the effect of off'setting. Normal construction is at (a), 
Fig 2. There is no offset and the connecting-rod length 
is 2^ times the stroke. To the left of the cylinder is 
shown graphically the inertia and gas pressure diagrams. 
To the right of the cylinder is shown the guide pressure 
diagram for four phases uf the cycle. 

(b) shows similar diagrams for offset equal to % the 
stroke. The guide pressure is materially reduced on the 
expansion stroke. 

Inmnrion Of Sfecb t rowcn 
With Auri-rujie 
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Fig. 5 

(c) shows an abnormal amount of offset, being equal to 
half the stroke. The guide pressure becomes considerably 
greater than in normal engine and suffers severe variations 
during the four strokes of the cycle. 

Sizes of Engines Required 

It begins to be more and more apparent that engines of 
less than 200 h.p. have only a limited field. 

Even in the small high-speed scouting machines which 
fly at from IS.*) to 110 m.p.h. it has been found necesssrv 
to use upward of .^00 h.p. This does not mean that they 
actually have 300 h.p. at the altitude at which they usually 
fly, but only a fraction of this. The major problem which 
is at present confronting aviation engine designers is to 
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lensate for the decreased weight charge at tlie higher 
udes. The enormous drop in temperature experienced 
1 rising to heights of from sixteen to twenty thousand 
also introduces serious carburetor difficulties. It is 
>st impossible to stimulate on a test block the con- 
ins imposed on an aviation engine when in the air. In 
3 is shown the variation of tempera'ture with the alti- 
up to approximately seventeen thousand feet. The 
for these carves were obtained by the British Royal 
ng Corps. When an engine in the course of ten 
ites' operation has to pass through the whole range of 
lerature experienced from summer to winter, difficul- 
of no mean order will be enco-intered. 
he enormous loss in density of air occurs with the ris- 
altitude, as is shown in Fig. +, which is based on a 
dard density of air at 760 mm., pressure with tem- 
ture of 16 deg. cent. The weight of air at this stand- 
reading is 1,S31 per cu. m. 



In Fig. 5 is shown the variation of speed of the plane 
and the engine with increasing altitude. The speed of the 
plane does not fall off quite so fast as the engine speed. 
This is due to the increasing propeller efficiency as the 
speed decreases from l,S0O to 1,150 r.p.m. 

Fig 6 shows compression variation with the altitude 
necessary to compensate for the decrease in density of the 
air. It will be observed that starting with the compres- 
sion ratio of live to one at sea level, it becomes necessary 
to have a compression ratio of nine to one at eighteen 
thousand feet. 

What we need immediately in America is a large number 
of training planes, but we also will have to have battle 
planes driven by engines that are not equal to, but superior 
to those possessed by the enemy. The real danger is that 
the evolution of our engine will not be fast enough. We 
have not as yet enough clever minds engaged in these 
channels and we have not had stimulus for this sort of 
work. We have always had, continually in the past, that 
specter, cost, staring us in the face. 

A lieutenant in the British Flying Corps has said that 
there was no question of price at all if an engine would 
deliver the goods. A great deal has been done toward 
securing high horse-power-weigltt efficiency by means of 
lightening the various parts of the engine, and I feel cer- 
tain that in a great many particulars this line of thought 
has reached its limit. 

The really important thing about aeronautic engines from 
now on is going to be the number of cubic feet of mixture 
per minute ttiat they c«n handle. In connection with 
four-stroke cycle engines this points out the necessity of 
using relatively high speeds. The mean effective pressure 
arrived at in the Sunbeam engines is within 15 per cent, 
of the theoretical maximum that is possible, and while 
there may be some improvement secured in the future in 
the matter of horse- power- weight efficiency by further re- 
finement in the mechanical constr-jction, I believe that it is 
now necessary to make some change in the cycle of opera- 
tion. This should be a splendid opportunity to try out 
super-compression and super-charging schemes of one sort 
or another. Possibly the two-stroke engine, with its maze 
of new problems, stands as an opportunity. 
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AMERICAN TYPES 

THE AEROMARINE TYPE L 



This ciiffinc is a six-cylinder, four-cycle, wnU'r-cooled, 
viilvc ill tlic head type. 

H.irc. l.-'r^ inches. Stroke, 6.."i itielies. Weight, li.73 
lbs. Willi ehctric starler and generator, KJ5 lbs. Rated 
)u>rs< pi>wcr, i;l(l at l.fi^J;") r.p.ni. 

Crank Case and Cylinders 

Tlie m;iin iiortions of the crank case «nd cylinder jack- 
et.'* lire intfftr.illv east i>f aluminum alloy. The cylinder 
sleeves are alloy steel forffinps, maehin|-d all over, tn 
give :i uniform wall thickness. After machining, the 
sleevi's jire heat treated, and the working surfaces ground. 
The outside of these sleeves nre in direct eontiiet with 
the cooling water over Hieir entire surface. The cylinder 
head gasket of copjier and asU'Stos, makes a tight joint 
against the top flange of each cylinder sleeve; the water 



joint at the bottom of each sleeve is by individual cork 
gasket. 

Cylinder Head and Valve Gear 

The cylinder head and valve gear form n eom|)lete s.'lf- 
eontained unit, which can he removed from the motor. 
The removing and replacement of duetion in length and 
weight of valve and valve levers, also reduces the over- 
all height of the engine. Each valve .sjiring actuates two 
valves. Tills head may be aeeom|)lished without re- 
timing the engine, due to a special arrangi-mcnt of the 
splined shaft which drives the eam.sliaft gear. The 
head is of aluminum alloy with gray iron valve scits east 
in position. The combustion chambiTS are machined. 
The water cooling of the spark plugs, exhaust valve guides 
and valve seats is complete. 

The earns Jitid roller are housed in. There are four 




L-li motor. Kxhaust side, licHtl lletaehed 
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valves for each cylinder, two exhaust and two inlet. A 
special design of valve gear, embodying flat multiple 
leaf valve springs, effects a great reduction in length and 
weight of valve>i and valve levers, and also reduces the 
over-all height of the engine. 

There is an oil return passage from each end of the 
cylinder head to the crank sump. The whole valve gear 
is enclosed in a detachable aluminum cover. The cam- 
shaft is hollow with integral cams, and is driven by bevel 
gears and vertical shaft from the power delivery end of 



the c 



igim 



Oil System 

This engine is of the dry sump type, a dual pump being 
used to deliver the oil pressure to the working parts and 
to draw the surplus oil from under the sump, discharging 
the same into the auxiliary reservoir. 

Crank Shaft 

This is an alloy steel drop forging, heat treated, ma- 
chined all over and dynamically balanced. It is of 
the three-main-bearing type with additional propeller 
bearing. The bearings are of liberal size, the crank 
pins being S'/; inches in diameter by a-fs inches in length. 

Pistons 

These are of aluminum alloy, ribbed under head, and 
are fitted with two sealing rings above piston pin and an 
oil scraper ring below. The piston pin oscillates directly 
in piston ring bosses. 



Connecting; Rods 

The connecting rods are alloy steel drop forginp 
treated and machined nil over, are of " 1 " beam 
with four-holt type cap. Babbitt metal is used, ; 
tinned directly into the rod. 

Ignition 

The ignition is by double Delco instruments driv 
rcctly from the end of the cam shaft. There ar 
spark plugs in each cylinder. 

Starter 

A Bijur electric motor starter is arranged to dri- 
motor through the rear end of the crankshaft, by 
of a special automatic engagement and planetar 
ducing gear wliich has a ratio .'ifi to 1. 

Generator 

The Bijur generator is driven from the rear end 
crankshaft. 

Carburetor 
Two carburetors are used to supply the six cyl 
inged on the side of the motor above the 



and 



Fuel Consumption 

Tests extending over a period of more than 100 
indicate that the fuel consumption of this engine i 
proximately, .495 pounds per h.p, hour. 





Aeromarine 1^-6 motor. Propeller end; magneto end 



THE CURTISS MODEL K.6 AND K-12 



In the design of Curtiss X-6 and K-12 engines, tlie 
form of construction adopted gives a minimum center dis- 
tnnce between cylinders, togeUier with careful placing of 
I lie accessories, makes the engine compact and easily 
placed in the fuselage, at the same time the accessibility 
of the various parts is such that the sub-unit may be 
readily inspected or overhauled without disturbing the 
motor in the aeroplane. 

Gear Reduction 

Tlie gear reduction of the Model K-12 raises the cen- 
ter of thrust to a point near the center of gravity, and 
close to the center of projected area. This enables the 
design of the nacelle or fuselage to be reduced in size, 
with consequent lower head resistance. 

Efficiency 

This gear reduction enables high piston speeds to be 
maintained, which, with the motor's normal high mean 
effective pressure, increases the power output without in- 
creasing the propeller r.p.m. above a normal figure. As 
a slow speed propeller is 5% to 7fo more efficient than 



a high speed propeller, the geared down motor will de- 
liver a greater net power per pound of gasoline, conse- 
quently the overall efficiency is greater. 

Crank Case 
The design of the crank case of aluminum alloy is 
such that, due to the cylinder water jackets being in- 
tegral, rigidity and alignment of parts are maintained, as 
well as an apjireciable saving in lightness gained. The 
lower half, containing the oil pan, is bolted to the Hangc 
on the center line of the crank shaft. 

Reduction Gears 

The reduction gears of the K-12 are forged from alloy 
steel. These are rough blanked and cut. The teeth are 
5-7 pitch, Fellow's stub tooth form, the teeth staggered, 
one inch width of face per side. After heat treatment, 
the centers and faces arc ground, and the gears are then 
recut to insure accuracy. The standard reduction is from 
tivc revolutions of the engine to three of the propeller 
shaft. 
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Propeller Shaft 

The prop<;l]cr shaft of tlie K-1'2 is made of 
the same material as the crank sliaft. 

It carries tlie reduction gear and the grouvcd 
|»iate type thrust bearings which are mounted 
to take thrust in both directions. 

The front flange for the propeller is ma- 
diined integrally with this shaft, the flange is 
drilled for eight bolts, the bolts themselves re- 
maining in the propeller, and are centered by 
conical split washers. 

Cylinders 

The cylinders are rough machined from a 
hydraulic steel forging, heattreated and fin- 
ished all over, with the cylinder head forged 
integral. 

Connecting Rods 

The connecting rods arc forged from steel 
and are heat Ircated. The rods are machined 
all over, and -arc held to accurate limits as to 
size. The finished rods are balanced as to 
weight. 




Anli-pro[ieller end of the Curtiss Model K-12 



Crank Shaft 

The crank shaft is a high grade slecl forging and is 



Carburet ion 



given a static and running balance test. 

and keyed to receive tlie propeller hub, wliieh is draw 

tight with a difTcrential thread nut at the end of th 

shaft. 



A duplex carburetor (K-1 
tapered burctors), each tube snpplyii 
; drawn hot water jackets are provid 
porizing the gasoline. 



provided with two tar- 
le set of three cylinders. 
1 the manifolds to assist 



Valve Gear 

*er relieves th 

id provides i 



The light cam follower : 
strains due to cam action, 
adjustment of clearunce. As the 
over llic valves, all rocker arms, pi 
awav with. 



shafts 
sh rods, el 



Ignition 
Double ignition, from the two sejiarate magnetos give: 
a more instantaneous explosion, which at high engini 
speed is necessary to dcvclo|i high mean effective prcs 
sure. The spark plugs are located near the intake valve: 
on the upper side. The wire assemblies arc cnclosec 
in insulating covers of micarta. 



Lubrication 

Pressure feed through crank shaft, propeller shaft and 
cam shafts, insures a continual film of clean oil on all 
bearings. Separate return pump with double intake pre- 
vents accumulation of oil in either end of pan. Pres- 
sure adjustment permits of individual adequacy of oil 
feed on each motor. 



Type of Engine 
^-cylinder water cooled — cylinders en bloc 
■onstrnction, K-J2 is a I2-cylinder motor 
3 gear reduction to propeller shaft. 



Horse Power 

K-C rated al 150 h.p. at 
':'• h.p. at 2/250 r.p.m. at crankshaft, 



,p.m. K-ia rated at 
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Propeller end of the Curtiss Model K-U 










Diagrun side view of tiie Curtlss Model K-12 
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Bore and Stroke 



Weights (Lbs.) 
Cooling water in motor. . 

Basic motor 

Carburetor and intake mi 

Ignition equipment 

Water inlet lines 

Exhaust manifold 

Hand starting crank. . . . 



Model 
K6 



Gasoline Consumption 

0.55 lbs. per h.p, hour. 



Model 



IXTTTIISIIIi^u^iS^SliMP 



THE CURTISS " OX " 



Type — Eight-cylinder, Vee, four stroke cycle. 
Horse Power— (Rated) 90 h.p. at 1,400 r.p.m. See 
Power Curve. 

Ignition — High tension, 8-cylinder magneto. 

Cooling — Water — centrifugal pump. 

Oiling — Force feed to all bearings. 

Bore — Four inches. 

Stroke — Five inches. 

Gasoline consumption — 0.60 pounds per b.h.p, hour. 

Oil consumption — 0.030 pounds per b.h.p. hour. 



Valves — One intake, one exhaust per cylinder. 

Carburetor — Duplex Zenith. 

Weights ^ Motor with propeller hub, without oil or 
water, 375 Ibs^ dead weight per rated h.p., 4.17 lbs. 

Installation dimensions — Overall, length, 56^4 in.; 
overall, width, 29-^4 in.; overall, depth, SSft in.; width at 
bed, 12% in.; height from bed, 17^4 in.; depth from bed, 
12^?ifl in.; at carburetor, 19 in.; bed bolts {c to c), I2%a in. 

Equipment — Tools, shipping box. 

Extra equipment — Other parts on special order. 




Curtisa Model OX-5 engine 
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Ignition 

One high tension, single spark, 8-cylin(Ier 
magneto located at top of erank case and 
driven oft' timing gears at front. Leather 
boot on mngneto. Rubber covers on s)>ark 
plug.s. Spark ])lugs metric thread 18 mm., 
l!l> mm. piteli. 

Carburetor 
Duplex " Zenilli." Eacli intake supplies 
one bank of four cylinders tlirough separate 
manifolds. Lower end of manifolds water 
jacketed. Auxiliary air intake in mani- 
folds with hand control for altitude ad- 
justment. Carburetor located under front 
end of motor, and braeed by steel struts to 



Lubrication 

Pressure feed. The oil i,s forced from 
lowest point of sump by gear-pump to rear 
end of hollow cam-shaft, through pressure 
adjusting valve through eam-shaft to timing 
gears and alt cnm-shaft bearings, thence 
through tubes tii erank-shaft bearings and 
through crank-.shaft throws to .connecting- 
rod bearings. Gravity return to splash 
pan, and oil reservoir. Oil pump is located 
«t bottom of pro)>eller end of crank ease and 
is driven off crank-shaft througli bevel gear. 
Removable oil .screen at lowest point of 
sump. Oil pressure from forty to sixty 
pounds at 1,K>0 r.p.m. 




Centrifugal pum]> bolted to ji 
and driven direct off end of era 



Water Circulation 

[■Her end of erank ease 
haft through coupling. 



Cylinders 

Best grade gray iron easting, each casting embodying 
one cylinder with valve chambers and valve stem guides 
cast integral. .Monel metal jackets brazed on. Out- 
side of cylinder heavily nickel-plated to ])rcvent rust. 
Cylinders liolted to erank ease by eight nickel steel, heat- 
treated studs, four of which extend to top of cylinder. 

Valves 

Popi)et type in head. Intake, nickel steel. Exhaust, 
tungsten liteel. 

Valve Springs 

Coil Type. 

Valve Cages 
Valves seat direct in cylinder head casting. 



Cam Followers 

Plunger type, case-hardened steel. 

Cam Follower Guides 
Manganese bronne, bolted to ease. 

Cam Shaft 

Steel, ease hardened. Eight double acting cams in 
gral. Eive hearings drilled hollow for oiling .svsti 
bearings and eara.s ground. 

Cam-shaft Bearings 
Aluminum alloy eastings. Split type bolted togetl 
and held in erank ease by locked set screw. 

Pistons 

Aluminum alloy castings with deep ribs for strenj 
and cooling. Two east-iron eccentric rings. 



Rocker Arms 

Exhaust, drop forgings. ease-hardened and niekel- 
plated. Intake cast aluminum. 



Piston Pins 

Chrome nickel steel, heat treated. Drilled boll. 

ease-hardened and ground. Pin bearings in alumin 

of piston bosses. Pins pressed in connecting rods i 

held bv locked set screw. 
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Connecting Rods 

Chrome Vanadium steel forgings, ** H " section ma- 
chined all over and heat treated. 

Connecting-Rod Bearings 

Bronze backed^ babbitt lined. Reamed for crank- 
shaft. Held in rod by four brass rivets. Cap bolted 
on with two bolts. 

Crank-shaft 

Heat-treated chrome nickel steel forging, finished all 
over and drilled hollow. Four throw, five mam bear- 
ings. All bearings ground. End of shaft splined^ ta- 
pered and threaded for propeller hub. 

Crank-shaft Bearings 

Bronze backed, babbitt lined. Line reamed to crank- 
shaft. End caps aluminum, others steel. All caps held 
on with two large bolts. 

Thrust Bearing 

Large annular and thrust ball-bearing mounted in ex- 
tended rear end of crank case. By reversing bearing, en- 
gine may be converted from tractor to pusher type. 

Crank Case 

Aluminum alloy casting with heavy deep-ribbed decks. 
Six motor support arms. Lower half bolted on. 



Timing Gears 

Spur type. Crank-shaft gear steel forging shrunk and 
keyed on shaft. Cam shaft gear special manganese 
bronze, keyed on cam-shaft and held with retaining cap 
screw. 

Magneto Drive 

Steel-gear driven from cam shaft gear at each end. 
Ball bearing mounted. Flexible coupling to magneto 
shaft. 

Water Pump 

Centrifugal type. Cast aluminum housing, bronze 
blades. 

Tachometer Drive 

Shaft gearing in aluminum housing bolted on face of 
timing gear housing. Dog drive direct off cam shaft 
gearing. 

Exhaust Pipe 

Steel tubes bolted to exhaust ports. 

Water Piping 

Steel tubing, nickel-plated. Reenforced rubber hose- 
connections with special clamps. 

Bolts, Nuts, Etc. 

All nuts, screws, etc., are cotter pinned or lock wired 
in series. 



THE DUESENBERG MODEL H 850 H.P. 



Number and an 
Included angle , 
Bore 



General Data 

ingement of cylinders Sixteen V 

*5° 



Stroke 7^ in. 

Normal bralce horsepower 800 at 1,800 r.p.m. 

Type of gear Overhead camshaft and valve rockers 

Number of carburetors Four Miller 

Valves 

Number per cylinder One inlet and two exhaust 

Outside diameter Exhaual 2%b in.. Inlet 25^« ii 

Port diameter Exhaust I^^ in., Inlet 2% ii 

Width of seat %i ii 

Angle of seat 30 

Valve lift (inlet) 'i'w ii 

Valve lift (eihaust) Ii ii 

Diameter of stem Inlet Vi in.. Exhaust Vie in. 

Length of valve Exhaust 6'"-fe in.. Inlet 6^^ 

Number of springs per valve Two concentric 

Length of springs in position. .Outer i% in., Inner 2'H 

Mean diameter of coils (large spring) 1% 

Mean diameter of coils (small spring) 1 

Inlet rocker clearance 010 

Exhaust rocker clearance 013 

Cylinders 

Overall height of cylinders 19Ma in. 

Length of projection in crankcase 2% in. 

Diameter of cylinder over waterjacket O'-Tis in. min. 

Diameter of cylinder over waterpacket TTiis in. max. 



Thickness of flange (base) W in. 

Number of studs 9 

Thickness of waterjacket 18 gau^ 

Thickness at cylinder head %2 in. 

Thickness of combustion chamber wall %* in. 

Thickness of cylinder barrel %» in. 

Number of reinforcing ribs 7 

Thickness of valve ports 120 in. 

Diameter of [wrt al valve. -Intake 2^ in.. Exhaust 2 in. 
Number of spark plugs 2 per cylinder 

Pistons 

Type of piston Flat 

^laterial Magnalite 

Length of piston SM in. 

Number of rings per piston 1 three piece 

Position of rings ^ in. to the top groove 

Width of rings K in. 

Distance from bottom to center of gudgeon pin. . , .i% in. 

Thickness of head ^t in. 

Thickness of wall at bottom % in. 

Diameter of gudgeon pin 1^ in. 

Thickness of gudgeon pin wall. . . .?io in. tapered to ?i! in. 

Connecting Rods 

Type Forked 

Length between centers ". , . ISH in. 

Outside diameter lid in. taper to iMs in. 

Type of section Tubular 

Large end bearing iH in. 

I nside diameter S^}^ in. 
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Illustration above shi)«-s dry sump oil pan, cyliniier, crankshntt, rocker-arm shaft, connerting rwl, roeker a 
hreutlier tul>e, water puiii]), cjliniier barrel, bearinps, piston, iiin, valves, and ])iston 
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The Model II Di 



Outside diamettT . . . 
Thickness of Babbit . 



Crankshaft 

Number of bearings. . . . Four bronze 

Cylinder renters 

Crank pins (outside diameter) 

Crank pins (length diameter) 



inlet anil 2 exhaust 



Camshaft 

Diameter of shaft. .. lU i 

Inside diamctt'r ^4 i 

Number of bearings 

Length of bearing (3 intermediate) 2*;i8 i 

Width of cam face T^o i 

Number of cams per cylinder. . 

P. D. of gear ." 

Number of teelli Kl 

Width of face ^i 

Camshaft housing Barrel type 

Material 

P. D. of pinion 

Number of teeth 

Widtii of face. 

Diameter of inclined drive shaft 



Crankcase (Upper) 

.Material 

Thickness of wall 14 



Thickness of cylinder j.ads '■• 

Thickness of supporting flange '*>■ 

Center distance of motor su]»port bolts JT^'i 



Material 
Thickness 



Crankcase (Lower) 



of wall. . 



Lubrication 

Type Forced feed 

Type of pumps Rotary gear 

Number of pumps. . .1 double ])ressure and I scavenging 
Ratio of pump speed to crankshaft speed 1 to 1 

Ignition 

Type Battery and generator 

Firing order I,: >8-2-6-l-:>-3-7; R; 1-3-3-7-1-8-^-6 

Type of i.lug A.C. 

Katio of generator s])eed to crankshaft speed :^ to 1 

Cooling System 

Ty|)e Water cooled 

Pump 1 centrifugal 

Diameter of inlet pii>e 1% in. 

Diameter of outlet pipe 1^ in. 

Number of outlets i 

Diameter of rotor 55* in. 

Katio of pump sjieed to crankshaft speed I to 1 

Water tempeiNiture inlet 125 F 

Water 'tem])erature outlet 133 F 



lall bearing 




n. taper to % i 



The cylinder construction. Barrel of •Arome-nickel steel, water 
jacket of sheet steel, head portion of steel stampings 



headers or maniioias, one along eacn siae and one 
ed directly under tlie valves near tlie top of the cylin- 

Tliis header is joined to the cylinder by means of 
■utlet connections. At each cylinder where the water 
■s is welded a distributor which leads two streams 
ater, one directly beneath each exhaust port and a 
. stream to the outside of the cylinder wall or barret, 
water is taken out of the cylinder by means of an 
ing at the top of tlie cylinder which registers witii 
ings and water jacketed gas inlet manifolds; also, a 

1 connection leads the water from the lower part of 
der jacket to lower portion of water jacket and gas 
:e manifold. 

le four Miller carburetors are used, each to feed four 
ders. Two of these carburetors are clam)ied directly 
lotings on the crankcase and two are attached to an 
luct, which, in turn, is fastened to footings in order 
event vibration. These footings are of the box girder 



tiiat tne air lo the carburetors is drawn tnrough tnese loot- 
ings, which tends to cool the main crank bearings as well 
as furnish heated air to carburetors. 

The rocker arms in the Model H are much shorter than 
on the normal Duesenberg type. They are of chrome- 
nickel steel forgings. The camshaft and rocker arm ac- 
tuating mechaniiira are entirely enclosed in a dust-proof 
and oil-proof housing, the oil being fed to both the cams, 
camshaft bearings and rocker arm shafts under pressure. 
The rocker arm bearings are of Non-Gran bronze, and 
the camshaft bearings of babbit lined aluminum. 

The oiling system consists of a high pressure and low 
pressure line operated by a unit of triple gear pressure and 
scavenging pumps mounted in the oil pan inside of the 
crankcase. The high pressure line feeds the crankshaft, 
connecting rods and thence through a regulating valve to 
the low pressure line feeding cylinder barrels, cams, cam- 
shaft and rocker arms. 




Uucsenbt-rg Mudcl H ready for test ou Sjirague dynamumeter equipment 



THE HALL-SCOTT L-4 



General Characteristics the cam revolves, it raises the roller and depresses tbt 

Number and arrangement of evls 4-VerticaI '"'''■^- "^''^ '^*"'"" "''''•"• ^"■' ^^^ •^*«"'"« "^ *^^ "''"' 

g ■ , - secured by using the conventional spring actaon. 

Stroke 7 in Double coll springs are used on both the inlet and o 

Stroke-Bore ratio 1 +-1 f"^"*' sides. The tension of these springs is such ta to 

Are, one pi.ton. .'.V, V.V. .'.V. '. '.'.'. .'.'.'. V. 19.635 ,,.' in. •'"" "" ""»'='= ''°"»« "' "■' '"'"'■ „ 

Tot.1 pirton are, 78.31 .q. fn. ^he c.m.h.tl il.elt i. . one p.eee .llo.v sled *, 

Sweut volume of one cvl 137 H5 cubic in '•"'K'lK- "^"^ treated and case hardened and ground »^ 

Displacement of engine . ' .' .' .' ." .' .' .' .' .' .' .... 5 J9.83 cu. in! ^"""^^^y *•* ^''^- ^ """8^ '^ provided at one end of Ihc 

Comuression ratio 1 +■! camshaft to which is secured by bolts the timing gear. 

Normal B.H.P 130 at 1,675 R.P.M. 

Type of Valve gear . . Overhead camshaft and valve rockers 
Number of Carburetors 1 




Cylinders 

The cylinders proper are made with steel inner shells. 
The outer-jacketed portion is pressed out of steel and 
welded on. The inlet and outlet ports and valve cages 
are drop forgings which are welded to the cylinder head. 
All parts on this cylinder are made of steel with the ex- 
ception of the valve guides, which are cast iron. The 
water inlet and outlet pipes are welded integral with the 
jackets. The spark plugs, are in the top of cylinders 
arranged vertically over the e?(plosion chamber. Pressed 
steel flanges for bolting both the inlet manifolds and ex- 
haust pipes are also welded onto the cylinders. The 
cylinders are baked enameled black, which gives them a 
very dressy appearance. 



Camshaft 



The 

ders ir 



isbaft i 



ited directly on top of the cylin- 
oil tight housing. The valves in 
each cylinder art actuated by rocker levers which have 
their bearings in the camshaft housing. One end of the 
rocker lever stands out of the housing directly over the 
vah-e and is fitted with an adjustable tappet screw which 
bears directly on the valve stem. The opposite end of the 
rocker lever is contained within the camshaft housing and 
is fitted with a )iermanent roller. Thi.s roller rides on the 
cams. The mechanical action thus obtained is that when 




Piston assembly 

This timing gear is also contained within the camshaft 
housing. The whole cam assembly is driven off of « 
vertical shaft. The vertical s-haft is driven off of the 
camshaft gear. It is in two parts. The lower portion 
in addition to driving the camshaft also is arranged to 
drive the water pump by means of bevel gears. 

To secure flexibility and ease of alignment, the upper 
portion of the vertical shaft is made detachable; the lower 
end has splines cut on it which fit into a corresponding 
element in the lower portion, to take the drive. 

Crankshaft 

The crankshaft is a special heat treated drop forging 
and is carefully and accurately machined all over, very 
similar to previous cranks, used with this exception. 

The crank bearing and the crank throws are bored and 
reamed to size. These holes not only lighten the shaft 
by removing surplus metal, but also provide means for 
conducting the oil to the difl^crent bearings. The crank- 
shaft has an extension on the propeller end. The pro- 
peller flange is Jilted to this and held in place with suit- 
able keys and locking nut. 
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Connecting Rods 

The connecting rods are of the I Beam of H section 
and made from drop forgings carefully heat treated and 
machined all over, to exact weight. 

The crank end of the rod is fitted with a cap which is 
bolted to the rod with 4 bolts. Bronze backed bearing 
liners are pinned in the rod so that if it becomes neces- 
sary, through excessive wear on the bearing snrfnccs, 
they can be removed without trouble and rc])laced by 



Oiling System 

Two combination oil fillers and breathers are located 
on the intake side of the crankcase, one at either end. A 
suitable shelf for mounting the water pump is also pro- 
vided on the crankcase. 

The lower half of the crankcase, or oil sump, as it is 
most commonly called, is also cast of the same material 
AS the upper crankcase and is bolted to the upper crank- 
case by means of bolts through the flanges, extending the 
full length of the ease on both sides. In the extreme 
lowest portion of the lower crankcase is located a clean- 
out plug and oil strainer The oil pump is located adja- 
cent to this strainer, the suction being taken directly 
through it. 




An oil sight gauge which indifatcs tlie amount of oil 
in the sump, and an oil pressure regulator, are also located 
on the side of the lower case. Baffle plates are put in 
thi.s oil sump to prevent excessive splash. 
The oil system in this engine is as follows: 
It is of the forced pressure feed. A double twin gear 
oil pump located in the lower crankcase is driven through 




an angle shaft off of the crankshaft gear. The reason 
for having a double pump is as follows: 

Ordinarily the capacity of the sump in oil content is 
sufficient for 3 or 4 hours running. Should the occasion 
arise in which continuous operation of the engine would 
extend beyond the period of time in which all this oil 
would be consumed, it could be replenished by pumping 
oil from an external oil tank into the sump. If only that 
oil which is in the sump is used, one oil pump i 




Exhaust sitlc 

inoperative, that is it does not work other than merely 
revolve. 

Should it be desirable to connect it to an external tnok 
this pump will function and deliver oil to the sump in 
whatever quantity may be required, by regulating a sup- 



ply v.lv, 
The otlie 



mpdr. 



and delivers it to the 
in the folio- 
Running parallel to the . 
ing clear through from one 



■s the oil through the strainer 
I running parts of the engine 



:is of the engine and extend- 
nd of the upper crankcase to 
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the otiier is the distributor jiijie or oil lieader. The oil 
pump delivers oil through an oil pressure regulator into 
this distributor pipe. From tliis distributor pipe indi- 
vidual leads are taken and are eonnected to the main 
bearing eaps, the oil being pumped under pressure to the 
main bearings under an average pressure of about 20 
lbs. Radial holes are drilled into each main bearing of 
the shaft so that when each main bearing is lubricated by 
the oil forced into it, the excess oil will enter the hollow 
crankshaft through this radial hole. The oil that enters 
the crankshaft is conducted into drilled holes in the crank 
cheeks. A radial drilled hole in the crank pin permits 
the oil lo come out at this point, thereby oiling the con- 
necting rod main bearing. 




Anti-propeller end Hall-Scott 



The water cooling system is of the circulating puni|] dh 
sign. Advantage is taken of the thermo- syphon aclionof 
the hot water by introducing the cooling water to Ihr 
cylinders at the lowest point and taking the water out al 
the highest and hottest point, from which point it is de- 
livered to the radiators. After flowing through (lif ra- 
diiitors the water ts cooled and is returned to the suctioD 
side of the pump for delivery to the engine again. 

All water inlet and outlet pipes are made of preswJ 
and welded steel, and connected to the cylinders .ind 
pump with rubber hose connectors and clamps. Flesible 




Proi>eller end Hall-Scott 



tubing is avoided on the engine entirely as this materiil 
has not proven satisfactory when used for this purpose. 



The piston pin and cylinder walls are lubricated by 
splash, crankcase fog, and excess oil that is thrown into 
the cylinders by the cranks as they revolve. Part of the 
oil that is forced by the oil pump into the main bearing 
at the propeller end of the engine is conducted through 
a tube directly from this main bearing into the end of the 
camshaft housing. The oil is permitted to flow through 
the full length of the camshaft housing, various moving 
parts backing up the oil and distributing it as required. 
Excess oil is returned to the lower crankcase through the 
vertical shaft housing, passing over and lubricating the 
vertical shaft gears. 

Pressure with which the oil flows through the oil cir- 
culation system can be regulated manually by an external 
pressure regulating valve. By screwing in or out on the 
valve, the pressure is increased or decreased. 

Carburet ion 

Carburetion is effected through an aluminum induction 
pipe to which is attached a st))ecial automatic action type 
of carburetor. Hot water is circulated through a jacket 
on the manifold causing pre-heating of the gas mixture. 



Ignition 

The ignition system on the L-i engine is the generator 
battery ty)ie. Breaker and distributor mechanism is lo- 
ralcd on the camshaft housing, from which individual 
ignition wires are connected to all the spark plugs. For 
starting and for low speeds the current is drawn froin a 
four cylinder storage battery. 

A generator is also provided with this engine. It is 
located on the end of the crankcase opposite the propeller 
and is driven from the crankshaft through an Oldham 
coupling. As just stated, electrical energy for starting 
is supplied by the battery. After the engine's speed has 
increased however, the generator begins to build up a 
current until the voltage equals that of the battery. As 
the generator output is greater than the requirements for 
ignition, the excess current is delivered to the storage bat- 
tery by reversing the direction of the current flow. 

A voltage regulator is provided with the ignition outfit 
which instrument keeps the output within a predetermined 
figure. A duplex switch is provided also, so the ignition 
can be connected to either set of spark plugs, independent 
of the other. 



HALL-SCOTT TYPE L-6a 

le r,-6a engine conforms in general appearance ami Compression Ratio 6.55S 

n to the A-5 engine, as well as in general dimensions. Weight of Engine drv, including Carburetor and Ignition 

e general characteristics are as follows: System — -19.1 pounds 

Weight dry, per Normal B.H.P.— 2.30 jwonds 

bcr of Cylinders 6 Weight Temperature Inlet — 150 degrees Fahrenheit 

5-in. Water Temperature Outlet — 165 degrees Fahrenheit 

le 7-in. Water Circulation 18.5 gallons per minute 

i H.P 200 

i 1 ,700 The L-6a engine is of the vertical type with overhead 

eller Dia 9 ft. earn shaft. 

I 6 ft. The cylinders are machined from steel forglngs with 

uretur Miller steel jaeicets welded on similar to those used on the 

aal B.H.P 215 Liberty 12 engine. 

lod of Cooling — Water — Centrifugal Pump. The cooling system is of the circulating pump design. 

ion Deico Welded steel manifolds are osed exclusively, obviating 

n Displacement — 821.670 cu. in. (137.1*5 cu. in. the necessity of any flexible pipes or tubing which is more 

per cylinder) or less liable to breakage. The connections are made with 

n Speed at Normal r.p.m. (1,700) — 1,983 feet per specially constructed rubber hose connections held on with 

minute clamps, permitting the easy removal of parts. 

Volume •21.7-^ cu. in. The connecting rods are of the I beam or H section. 




:ylindcr Hall-Seott, showing tlie intake side, with the interchangeable steel cylinders 
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similar to all Hall-Scott rods, except tliat at the crank pin 
end the cap is hotted on with four bolts, instead of two, 
as heretofore used. 

The crank shaft is the same as the A-Sa type, with the 
exception of the cheeks, which are designed to withstand 
the extra stresses, resulting from a higlier powered engine. 

The propellei' end of shaft is designed so the crank 
shaft flange can be removed with the propeller, permitting 
a quick installation of a new propeller if necessary. The 
crank is of the seven-bearing type with ball-thrust bear- 
ings at the propeller end. 

The cam shaft is of the one-piece type, cams and flange 
being integral, machined from a drop forging. The cam 
shaft is contained in a housing, mounted on the cylinders, 
and is driven through bevel gears on a vertical shaft. 
The cam shaft and vertical sliaft and all working parts 
are oiled under pressure from main bearing in the crank 
case. Surplus oil is returned to oil sump through the 
vertical shaft housing. 

The crank cases are of aluminum. The lower case or 
oil sump can be removed without breaking any pipe con- 
nections. In the lower case are located the oil strainer 
and dirt trap oilsight gauge and a twin oil pump; one 
pump circulates oil through the engine from oil held in 
the snmp, the other acting as a supply pump to oil sump, 
pumping oil into it from an external oil tank in a regulated 
quantity. 

In the lower oil sump is an oil relief valve, which can 
be adjusted externally so the oil pressure can be regulated. 
Splash plates are also put in the lower case to prevent 
excessive splash from the dipper action of the connecting 
rods and crank. 

Carburetion is secured through two specially designed 



carburetors and twin manifolds, which are of the bot-spol 
water- jacketed design. The carburetors are tnter«oii- 
nected through the controls. 

The ignition is secured a specially designed Deleo lnil 
The twin distributors are mounted on the end of the ca 
shaft housing and driven off the cam shaft. The Mils 
are mounted directly underneath the distributors on tie 
vertical shaft housing. The generator is driven off the 
end of the crank sliaft and is bolted to the crank cases. 

The oiling system is of the force feed or pressure type, 
oil being pumped to main bearings from which it is coit- 
ducted through annular and radial drilled holes in crink 
shaft to connecting rod bearings. 

The upper end of connecting rod and the pistons ut 
oiled from splash and crank case fog. Large oil fillen 
are located on the intake side of the crank case, whkK 
also act as breathers. 

The main bearing caps are bedded into the upper crank 
case and are bolted through the case b; through bolts, 
which on the upper end act as cylinder hold-down bolts. 
Bronze-backed bushings are used in both the case and 
caps. 

The valves are extremely large and located in the cylin- 
der head, actuated through a rocker arm and tappet »c- 
tion. Double coil springs are used on both the intake 
and exhaust valves for the return action. 

The pistons are aluminum alloy. No clamping devices 
or set screws arc used to hold the piston pin, whidi is 
permitted to float in both the rod and pistons. 




Exhuust Btde Type L-Sa Hall-Scott 



PropeUer end Hall-Scott L-Oa 



THE HISPANO-SUIZA 



e Hispano-Suiza engine is the product of the brains 
genius i>f Mare Birkigt, a Swiss civil engineer, who 
enced his motor work in the design and construction 
s now famous Hispano-Suiza motor cars, at Barce- 
Spain, about 1906. 

factory was established shortly afterward in Paris, 
he majority of the work was carried out there, as the 
-y was near to the material and skilled labor mar- 

len the French government established the present 
n of tax rating on motor cars, in which the horse- 
r was considered a function of the bore only, certain 
' car firms commenced the construction of small 
long stroke motors, in this way increasing the horse- 
: for a given cylinder bore and evading the taxation, 
etitions were inaugurated for motor cars, having as 
basis, limiting the cylinder displacement. 
s Hispano-Suiza Co. rapidly entered a place of first 



rank by winning many of these competitions and assured 
for themselves an enviable reputation amongst continental 
motor constructors. 

When the Great War commenced, the Germans had al- 
ready developed the now famous steel cylinders Mer- 
cedes and Benz motors, whose performance from every 
standpoint was far superior to aviation motors built in 
other countries. 

The French at this period had developed the rotary 
steel cylindered, air cooled motors to a high degree of 
reliability, but their fuel and oil consumption was then 

The need for a non-rotating high powered motor was 
met in the Hispano-Suiza motor which were found so 
satisfactory and so far superior to other non-rotating mo- 
tors offered for trial at that time, that the French, British 
and Italian Governments placed orders for large quan- 
tities of these motors. 




Section of Model I 150 H.P. Wright-Martin design Hispano-Si 
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Such important firms as Peugeot in l-'raiicc and Wolselv 
in Eniiland, gave up tlie building of motors of tfieir own 
deiiign to take up the construction of the IfiO H.P. Hh- 
pano. 

The Hispano motor has since been developed in a large 
number of sizes and types, for military aviation purposes, 
and lifteifn difTcrenl manufacturing companies in dilferent 
parts of tlic world have constructed more tlian 50,000 of 
these motors. 

The design and construction is unique in many par- 
ticulars, as will be seen from the following description. 

The engines arc built with eight cylinders, with cylin- 
ders forming a 90" V in every case. This angular set- 
ting of the cylinders results in absolutely uniform turning 
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Fig. 2 

effort on the crankshaft, the power impulses being equally 
spaced from one another, at 90 degrees. 

The engine is unbalanced only in the horizontal plane, 
but the magnitude of the unbalanced forces is so small as 
to not be noticeable in the actual operation of the motors. 

The engines have been built in both direct and geared 
down types and operated at various speeds from 1,1'50 
r.p.ni. to -i.-zm r.p.m. 

The 150-180-200 and 220 H.P, tyi»es all have iden- 
tically the same cylinders. The bore and stroke are re- 
spectively 120 X l.TO mm. or 1.72x5.12 inches. The va- 
riation in the H.P. is obtained by fitting large carburetors 



1 




Fig. 2 shows the Brake Horsepower curves of the 130, 
180, 200 and 220 H.P. types, as well as the 400 and UO 
H.P. types. 

P'or the 150 H.P. type a 18 D. C. Zenith Carburetoris 
used; on the other types of higher H.P. the 58 D. C, 
Zenith Carburetor is used. 

The 100 and 150 h.p. engines both have the crankshaft 
geared to the propeller shaft, through parallel trans of 
helical reduction gears, as is indicated by the diagiam 




Fig. 3. It will be noticed that the crankshaft Is divided 
into two independent units. By this artifice, the shaft 
size is kept the same as in the 200 h.p. type motor, the 
torque magnitude being only 50% of what it wonld be if 
a single crankshaft were used for the sixteen cylinden. 

Fig. I is a section taken at right angles to the engiDC 
crankshaft of the 1 50- 1 80-200-220-h.p. types. 

The Cylinders 

The cylinders are machined from hollow steel for^ngi 
of .10 carbon steel and weigh when rough about 40 lb». 
for the smaller engines. Their finished weight is aboat 
11 lbs. 

The cylinder form is a hollow barret, with a closed end. 
into which the valve ports arc cut. The cylinder walls 
have, when tinished. an average thickness of 3 mm, or 
.078, and they are externally threaded from the closed end 
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Section showing the lubrication system for thu ISO H.P. and 180 H.P. His|iiino-Suizu JIutors 
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down, and the cylinder head is 5 mm. or .187 inches thick 
and the bolting flange, by which the cylinders are retained 
on the crank case is 6 mm. or .2362 inches. 

The steel cylinder barrels are assembled in groups of 
four by screwing them into the cast aluminum water jack- 
ets, which are tapped to receive them. The steel barrel 
is put in the aluminum jacket after which tlie valve ports 
are machined in place, being located from the valve stem 
guides in the aluminum jacket. The bolting flanges are 
so designed as to interlock with one another when in place 
as illustrated in Fig. 4. 

After machining and putting in the steel barrels and 
valve seats the cylinder jacket is cleaned with alcohol and 
then given three coats of enamel inside and out, the bore 
is then given the final size by grinding. 

It will be seen that a number of advantages accrue from 
this form of construction. Welding and the attendant 
possibility of distortion are done away with, and the 
desirable features of great strength, together with mini- 
mum weight, is attained. 

Some very ingenious processes have been devised to 
make the accurate production of these cylinders possible. 

The lower portion of the camshaft housing and the oil 
drain passages are formed in the top exterior of the jacket. 

The intake and exhaust ports are both 5 1 mm. = 2 
inches in diameter. 

The exterior appearance is extremely clean cut, as can 
be seen from the accompanying illustrations. 

The Pistons 

The pistons are aluminum alloy sand castings, thor- 
oughl}'^ well ribbed to assist in cooling. The piston head 
is flat and has an average thickness of 7 mm. (.2/5"). 
The piston skirt has an average thickness of 3 mm. 
(.118"), and carries three rings 5 mm. (.196") wide, 
which are made of cast iron. Four narrow rings two in 
each of two grooves . are placed above the gudgeon pin 
center and one below. The latter acts as an oil scraper 
ring. The location of the gudgeon pin center varies fol- 
lowing the difl^erent compression ratios used. 



The Gudgeon Pins are of chrome nickel steel 30 mm. 
(1.181") outside diameter and 22 mm. (.866") inside di- 
ameter and are prevented from turning in the piston pin 
bosses by a single grub screw. 

Connecting Rods 

The connecting rods are of the forked type. The body 
of each rod is a tube 27 mm. (1.06") outside diameter 
and 21 mm. (.826") inside diameter, made b}' drilling 
straight through. They are made of B. N. D. Chrome 
Nickel steel, famed throughout the world for its wonder- 
ful physical properties. The top and bottom of the rods 
are profile milled to shape and polished all over. 

The gudgeon pin bush in the small end of the rod is of 
phosphor bronze 57 mm. (2.24") long, and has a wall 
thickness of 2.5 mm. (.09"). 

The rods are 227 mm. (8.93") centers, somewhat less 
than two piston strokes. Short connecting rods are the 
rule in aviation motors, since they enable the motor to be 




kept compact and light, although the secondary unbal- 
anced forces in the motor are increased thereby. 

Crankshafts 

The crankshafts are of the five main bearing type; the 
end bearings in the geared motors being single and double 
row ball bearings, the three intermediate bearings being 
babbitt lined bronze shells. 

In the direct t;vpe engines only one single row bearing 
is used at the distribution end of the crankshaft, the use 
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of which considerably reduces the length of the motors. 
The other bearings are of the plain type. 

The average diameter of the main bearings in the mo' 
tors of the 120 mm. (4.73") series is 58 mm. (2.28") and 
the crank pins are 50 mm. (1.98") diameter and 6i mm. 
(2.51") long. 

The Distribution 

The valves are placed in the top of the cylinder and 
are arranged in a single line parallel to the axis of the 
motor. A single camshaft serves to operate all tlie valves 
in each group of cylinders. The camshaft is carried in 
three bronze bearings, front bearing 40 mm. (1.57"), cen- 
ter bearing 60 mm. (9.36") long, rear bearing 52 mm. 



upper half is a very light shallow easting made possible 
by tlie use of short piston stroke and short connecting 

It is milled off on either side at angle of i5 degrees 
from vertical to receive the cylinder blocks. 

All of the distribution gearing is of the bevel gear type 
excepting on the reduction gear motors where the mag- 
netoes are driven by a pair of spiral gears mounted in a 
bracket extending from the forward end of the erankcase. 

The lower half of the erankcase carries the lower bear- 
ing seats and oil gallery pipes which feed the main crank- 
shaft bearings. This casting is very deep, forming an oil 
reservoir having a capacity of 10 litres (2.6 gals.) in 
the eight cylinder mm. (4.72 in.) type. 
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(2.04") long, all 34 mm. (1.33") in diameter. A 28 mm. 
(1.10") hole is drilled through the shaft and serves as an 
oil gallery for the distribution of oil to the bearing sur- 
faces and cam faces. The cam faces are 16 mm. (.629") 
wide, and are undercut on the back side of the cams. 

Each cam acts directly on the valve stem, Into the 
end of which is screwed a ease hardened contact plate, 
which is prevented from turning by means of tandem plate, 
face keyed to the valve stem and knurled to engage the 
lower face of the case hardened cam contact plate. Ad- 
justment of the clearance, which is exceedingly large, 2 to 
3 mm. (.07"-. II") is easily made by means of a special 
wrench furnished for the purpose. 

The camshaft is driven by means of a pair of bevel gears 
2.5 module, 13 mm. (.59") face, having a ratio of 15 to 36. 
The inclined pinion shaft is operated at high speed to re- 
duce the torque. 

The arrangement of the accessory drives varies in the 
different types of motors as will be seen by perusal of the 
several sectional drawings accompanying this description. 

The Cranltcase 

The aluminum erankcase is cast in two halves split hori- 
zontally through the plane of the crankshaft axis. The 
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The two halves of the erankcase are bolted together by 
means of long, through bolts on either side of the main 
bearings as well as a series of bolts through the erankcase 

The Valves 

The valves are 55 mm. (2.16 in.) head diameter. The 
port diameter is 51 mm. (2 in.). The valves stems have 
two diameters, the lower portion adjoining the head is 
10 mm. (.393 in.), the upper portion or guide portion is' 
15 mm. (.59 in.) in diameter and is drilled out to tnke 
the cam contact plate, which is screwed into tlie .stem. 
The intake and exhaust valves are made of clirome-tung- 
sten steel and are interchangeable. 
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Two concentric helical springs are used to seat the 
valves; this practice is universal in aviation motors. The 
valve guides are machined from bronze bars and are 
screwed into the aluminum cylinder jacket. They are in- 
terchangeable witli one another. 

Air Pumps 

A low pressure pump Is built into the camshaft housing 
cover and is operated by one of the cams, to provide 
1 the fuel tanks. 



A tachometer connected is 
end of one of the camshafts. 



Tachometer 



the distribution 



Lubrication 

The oil occupation varies according to the type of 
motor as is indicated in Table S. 

The 130 mm. (4'. 72 in.) bore motors can be operated 
from two to three hours on the quantity of oil carried in 
the motor, but it is usual to provide an oil tank and to 



Typ. 
150 H.P. 
180 H.P. 
200 H.P. 
220 H.P. 



Table 2. Oil Consumption 
'" Litres per hr. G«ls. per h 

.528 



.793 
1.057 
1.321 



circulate the oil from the motor through the tank and 
back to the motor, thus getting the benefit of cooling th« 
oil. 

The pressure of the oil pump discharge is 5 kg. per 
sq. centimeter; the discharge line is 14x16 mm.; tiK 
suction line is 14 x 16 mm.; the leads to the main branch 
are 6x8 mm. The two leads to the cam shafts are 
6x8 mm. ; tlie groove around the main bearing bushings 
is 7 mm. wide and 4 mm. deep. Oil pump operates lV-> 
motor speed. The reduction gear shaft radial and thrust 
ball bearings are oiled by the oil which is forced through 
the reduction gears. This oil also lubricates the ball bear- 
ings on the front end of the crank shaft (reduction gear 
end). The cam shaft bearings, cams and tappets arc 
oiled by oil coming through the hollow camshaft whicli 
is under pressure. 




Pbie«2 

Section showing magneto drive 
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300 H.F. Wright-Martin Hlspar 
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Complete oil pump assembly for 300 H.P. 
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of the complete E or 1 Hisiiano-Sui: 



itons, piston pins and rings are oiled by spray also size of the holes on the crank thrust, crank bearing 
rn off the crank shaft. The crank pins are oiled by and pins. 

ure through three holes in each pin; Smm. center The distributing gears arc oiled by the oil relurnin 

and a % mm. hole on either side of the center. See from the cam shaft housing to the under pan through th 

vertical ^haft housing. 
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Oil Supply Tanks 

If a tank is placed immediately underneath the motor 
the oil flows from the crank case into the tank through a 
58 X 60 mm. tube. The suction pipe from the tank to the 
pump should be 14x16 mm. The air pipe from the crank 
case pipe should be 8x10 mm. 

If the tank is in the top of the plane, the pipe from 
the drain plug is 20 x 22 mm. ; the pipe from tank to 
pump to oiling points is under 5 kg. pressure and should 
be 1 4 X 16 mm. 

Ignition 

Ignition is provided by two spark plugs per cylinder 
set to fire synchronously. The current is supplied and 
distributed by two independent high tension magnetos 
which are cross-wired to the spark plugs, so that in the 
event that one unit is put out of operation, the engine 
will continue to fire on all eight cylinders. 

The firing order is given in the diagram Fig. 5. 

A hand starting magneto is provided to supply current 
when starting the engine. The current from this mag- 
neto is carried to the high tension distributors on the 
main operating magnetos and thence to the spark plugs. 

Starting 

Starting the engine is usually accomplished by swing- 
ing the propeller, but in certain cases, a reduction gear 
hand starter is provided which engages the crankshaft at 
the eiyl opposite the propeller. 

Table 6 is a longitudinal section for the 200 and 220 
H.P. types of engine, clearly illustrating the hand start- 
ing reduction gear and the propeller reduction gear. 

Table 3 gives the principal characteristics of the reduc- 
tion gears used in the 200 and 220 H.P. types. 

Table 4 gives the h.p. weight, fuel and oil consumption 
and compression ratios used in the various types of 
motors. 



The Cooling System 

The engine is provided with a single centrifugal water 
pump having a single inlet and two discharge pipes. 
The water is led into the bo.ttom of the aluminum jackets 
and out of the top, in contrast with the German method 
of pumping water through the top of the jackets only. 

The centrifugal water pump has an inlet of 35 mm. in 
diameter and two discharges of 25 mm. each. Water 
enters the cj'linder blocks at the bottom in the front end 
and discharges from the rear end at the top. The inlet 
and outlet holes of the jacket are both 28 mm. in diam- 
eter. The water space between the cylinders in the 
center is 12 mm. The radiator usually has a capacity 
of 40 L. The pump speed is iM times motor speed, and 
the discharge is about 100 litres (26.5 gal.) per minute 
at 1,400 R.P.M. 

When mounted in a plane, this motor is equipped with 
a thermostat to govern water temperatures; i^let tem- 
perature of 50 degrees centigrade; outlet 65 degrees 
centigrade; maximum permissible temperature 85 degrees 
centigrade. 

Carburetors 

Both Claudel and Zenith carburetors are fitted to 
Hispano engines, in . every case comprising a single 
hermetically sealed float chamber and two independent 
mixing chambers into which are fitted various sized choke 
tubes and jets following the type and size of motor to 
which they are adapted. 

In order to obtain the best possible motor performance, 
at each altitude the carburetors are equipped with a 
manually operated barometric control called the alti- 
meter, b}^ the use of which the mixture can be maintained 
at the best proportions of air to fuel. The actual func- 
tion is to vary the pressure reigning in the float chamber 
and so reduce the efl^ective head on the gasoline nozzle. 



THE KING 550 H.P. 



The King 550 h.p. aero engine was designed by Mr. 
Charles B. King, A. M. E., of the Bureau of Aircraft 
Production. 

The work was started at the plant of Brewster and 
Company, Long Island City, N. Y., and later all parts 
were shipped to McCook Field, Dayton, O., for final 
completion. 

The engine is of an extremely interesting type, and 
its leading features may be enumerated as follows: 

The engine will deliver from 500 to 600 h.p. in flying 
service, at propeller speeds, varying from 1,175 to 1,435 
r.p.m. 

The engine may be installed in an airplane body 
adapted to the 12-cy]. Liberty engine. The King engine 
presents less head resistance and occupies less space. 
The added horsepower is, therefore, the result of carefully 
studied design. 

Characteristics 

Twelve cylinders, fixed, water-cooled; six cylinders ar- 
ranged in each bank of a 45 deg. V. 
Bore, 5.5 in., 140 mm. 
Stroke, 7 in., 178 mm. 
Bore, stroke ratio, 1 to 1.273. 



Engine displacement, 1, 99.'! cu. in. 
Rated horsepower 550 — at 1,886 engine r.p.m., 1,30 
propeller r.p.m. 

Area of one piston head, 23.75 sq. in. 

Total piston area, 285 sq. in. 

Compression ratio, 5 to 1. 

Piston speed at rated h.p., 2,200 ft, per min. 

Horsepower per cu. in. at rated h.p., .276, 

M.c.p. at rated h.p., 116 lb. 

Crankshaft propeller gear ratio. 1.445 to 1 (18 to i6 

Weight of dry engine, 990 lb. 

Weight of dry engine at rated horsepower, 1 .8 II 

Gas consumption, .50 to .54 lb. per h.p./hr. 

Oil consumption, .04 lb. to h.p./hr. 

Ignition, two independent magneto ignition systems. 

Lubrication, pressure feed to all bearings. 

Aluminum main casting. 

Aluminum cylinder heads. 

Removable cylinder liners. 

Removable cylinder heads. 

No exposed working parts. 

Accessibility of adjustable working parts. 

No exposed water or oil connections. 
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Fig. n. Diagrammatit 



■section, end view 



Pig. 4. Outline drawing, end view 



Construction 

The main casting of the engine is of aluminum and 
presents a firm engine structure into which fit the cylin- 
ders. The crankshaft is mounted in the base of this cast- 
ing by means of eight bearings. 

The cylinder heads, which arc also of aluminum, are 
shown in detail in the longitudinal and end cross section 
views of the engine. Each cylinder head casting forms 
the combustion chamber for six cylinders. Three valves 
per cylinder are mounted in the head; each cylinder head 
carries an overhead camshaft and rocker arms. 

The camshafts are driven by a «et of bevel gears and 
shafts mounted on the rear of the main engine casting 
and enclosed by a rear cover, which mounts the magnetos. 
The carburetors are also mounted under the magnetos and 
connect by means of two manifolds to two cylinder heads. 

The cylinder liners are aluminum castings, machined 
inside and out and have a east iron liner .06S7 in. in wall 
thickness. Before inserting these cast iron liners in the 
aluminum barrels, the barrels are expanded by hot water 
and the liners are then pressed into place. The method 
of securing the cylinders in the main casting is shown in 
Fig. 3. Cork packing is used to make the water tight 
joint at the lower end of the cylinder barrel. A copper 
and asbestos gasket is placed under the upper shoulder of 
each cylinder liner. A conventional copper and asbestos 
gasket is placed between each cylinder head and the main 
engine casting. 

Each cylinder head is fitted with a cover. Figs. S and S, 
which may be removed and the clearance between the 



rocker arms and the valves adjusted. The roller, which 
rides on the valve stem, has an adjustable eccentric in 
the rocker arm. Valve stems, rocker arms, camshafts, 
etc., are oiled thoroughly in the enclosed housings. 

The pan of the engine is an aluminum casting. It 
conUins no pump, as this is part of the rear main bear- 
ing cap. Provision is made to keep the pan dry from 
oil under all conditions of flight, climbing, driving, etc. 

The propeller nose is strongly ribbed in the interior 
and the front of this nose is covered by a steel plate. 

Pistons 

The pistons are of aluminum, and of the ribless design 
and of the slipper type. Five jtiston rings are used, all 
above, as a scraper ring in the lowest groove. This ring 
is beveled toward the top, giving a greater wall pressure 
per square inch, thereby cutting the oil, which is disposed 
of through a circumferential recess and thence through 
drilled holes, to the inside of the piston. 

The wrist pin is of the floating type, with aluminum end 
plugs. Outside* diameter 1.562 in., inside diameter l.i281 
in. Overall length, 4.687 in. 

Connecting Rods 

The connecting rods are of the articulated type, in 
which the smaller or articulated rod, big end bearing is 
carried by the master rod. The articulated pin is 30 
deg. from the center line of the master rod and is sup- 
ported on tapered split rings, clamped into lugs on the 
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master rod. The pin supports are hardened steel bushing 
on which the articulated rod optrates, and which also 
acts as a spacer for the lugs. The bearing medium is a 
bronze bushing, acting on the hardened steel bushing. 
The rods are of the I-beam type section. The length of 
the master connecting rod from center to center is ]3 in. 
The ratio of the rod length to the stroke is 1.715 to 1. 

Crankshaft and Bearings 

The crankshaft is of the conventional six throw 120 
deg. type. Diameter of crank pin bearings 25b in. 
Length 2l4 in. The crank pins are bored out, the inside 
diameter being 1% in. 

The main crankshaft bearings, eight in number, are 
2% in. in diameter and 2 in. long. Main bearing No. 7, 
near the propeller reduction gear is 3!^ in. long. The 
main bearings are bored out to inside diameter of \% in. 
The rear bearing is drilled out to an inside diameter of 
l%in. 

The aluminum bearing caps are designed for light 
weight and strength, and are supported from the main 
engine structure by steel studs and nuts. 

As oil pressure is maintained in the crankshaft, steel 
cones are arranged to make oil tight chambers in the hol- 
low bearings of tile shaft. These may be removed for 
cleaning. 

Propeller Shaft and Reduction Gears 

The construction of this part of the engine may be best 
understood by reference to Fig. 3. The ball bearings are 
combination annular and thrust bearings, as first intro- 
duced in the King-Bugatti engine. 




Fig. 5. Propeller, end 



The thrust of the propeller in either direction is taken 
by the front ball bearing, which is clamped between the 
steel nose plate and the main casting. 

The reduction gears have a tooth face of 3% in. in 
width. 
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Gas Passages and Valve Ports 
Inlet Valve Gas Velocity Computation: 

Inlet valve 3 in. clear diameter having "^ (.5937) 
lift and 10 deg. seat angle. 

Inlet valve port area, 5.51 sq. in. 
Gas velocity through inlet valve. 



2,200 X 23.7" 



= 9,500 ft. min., or 158.3 ft. sec. 



Exhaust Valve Oas Velocity Computation 

Exhaust valves 2Mo in. clear diameter having ^ (.500) 
lift and 30 deg. set angle. 



Exhaust valve port area, 5.625 sq. in. 
Gas velocity through exhaust valves equals 



Fig. 7. King-12-V-45'' expansion diagram 

Valves and Mechanism 

There are three valves per cylinder, one inlet valve 
irith A clear diameter opening of 3 in, and a lift of %a in. 
Two exhaust valves, with a clear diameter opening of 
2^a in. and a lift of ''Ae in. 

The inlet valve seat is at an angle of 10 deg., the ex- 
haust valve seat at an angle of 45 deg. The valve seats 
are pressed into the aluminum cylinder seats and are of 
a high chromium material. 

Rocker arm ratio 1.5 to 2.25 or 1.5. 



Inlet Valve and Cam 

Inlet cam lift, .396, or a little more than *%*. 
Inlet valve lift "& (valves 3 in. clear D). 
Inlet valve seat angle 10 deg. (cos. equals .9648). 
Inlet valve lift area equals 3 X 11 X '^ X -9843 X 
! = 5.51 sq. in. 



Exhaust Valve and Cam 

Exhaust cam lift .334. 

Exhaust valve lift (2 valves 2^a D.) equals Vt in. 
Exhaust valve seat angle 30 deg. (Cos. equals .866). 
Exhaust valve lift area equals 2W8 X 1 1 X ^ X.866 X 
2 = 5.629 sq. in. 



5.625 

Carburetor System 

ipecial King designed carburetor is used with one 
float chamber for both Venturis. Barrel throt- 
tles and proper water jacketing are features shown in 
Fig. 3. 

Ignition 

Two spark plugs are provided per cylinder and two 
magnetos are provided, each one of which fires the entire 
engine. The engine fires 45 deg. and 75 deg., as meas- 
ured on the crankshaft. Dixie magnetos running at iMs 
crankshaft speed and delivering four impulses per revo- 
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Fig. 8. Valve timing diagram, K-13-45° type 



lution of the armature, provide high tension current direct 
from a gap distributor mounted on the magneto to the 
cylinders of the engine. As it was desired to have an 
advance and retard ignition angle of 45 deg., and this 
under the control of the operator, a special magneto drive 
is built in the King engine, which enables the operator to 
change the timing relation of the i 
throughout this angle without, I 
intensity of the magneto impulses. A 
Fig. 2, flexible spring couplings are 
this drive and each magneto. These < 
adjustable, so that the magnetos may be timed to the e 
gine without removing them. 

A starting magneto is arranged to provide current to 
the proper cylinder, by way of a regular magneto dis- 
tributor for starting the engine from a standstill. 



magneto to the engint 
wever, disturbing the 



ivided between 

.uplings i 
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Lubrication System 

A high pressure oiling system is used, the normal run- 
ning pressure being 45 Ib./sq. in. The pump is of the 
gear type, there being a scavenging and a pressure pump 
located in one housing and bolted to the rear main bearing 
cap, one pump being located above the other and being 
driven off the same shaft by bevel gears from the crank- 
shaft. 

From the pressure pump the oil is led through drilled 
holes to the main pressure line. A pipe cast in the 
crankcase, from which drilled holes lead to the main 
bearing studs, passing through the hollow bearing studs, 
the oil is conducted to the bearing caps, thence to the 
main bearings and through drilled holes to the crank pins, 
each crank pin being supplied from two main bearings. 
Oil is retained in the hollow crank pins and main bear- 
ings by means of cone shaped plugs. 

A relief valve is located at the front of the main pres- 
sure line in such a way that all surplus oil is thrown be- 
tween the reduction gears. 

Two branch pipes lead from the main pressure line, one 
to each cylinder head where the oil is carried through the 



rocker arm supporting shaft and distributed through 
to each rocker arm and camshaft bearing, the ov 
oil returning to the crankcase through the camshaft 
shaft housing and lubricating the timing gears. 

The scavenging pump draws oil from the front o 
peller end of the crankcase and delivers it to t 
tank, which is not a part of the engine. Anothei 
leads from the rear of the crankcase to the oil tank, 
oil flows through this pipe by gravity to the oil tan) 

This system was first used by Mr. King, in the 
Bugatti engine, with satisfactory results. 

It can readily be seen that with the engine used 
tractor in a plane and going into a nose dive, the o 
be sucked from the propeller end and forced to t 
tank, whereas in a climb the oil will flow by gravit) 
the rear of the crankcase to the oil tank^ which is 1 
behind the engine. 

One of the features is the absence of all detacha 
piping, as all oil passages are either cast in or ma 
into the various parts, making it impossible for a 
connection to become loosened during the running 
engine or omitted in assembly. 



% 
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consistent, as will be noted from tlie charts and tables 
printed herewith. The condition of the spark plugs, 
valves and cylinders, showed that the water circulation 
was satisfactory in every way. No valves required to be 
ground during the test and they were Found to be in good 
condition when dissembled. From their appearance it is 
believed they would have stood an additional fifty hours. 

In order to fully demonstrate and test the design of 
the reduction gears and bearings a propeller with extreme 
pitch for tractive effort was used throughout the test. It 
had a pitch of 10 ft. and was 9 ft. 4 in. in diameter. 
Owing to the high velocity of the wind passing over 
the engine during the test the forward carburetors worked 
under different conditions than the rear ones. All four 
carburtors were calibrated in the jets before the lest, but 
the forward carburetors showed a different color of flame 
at the stacks, the rear carburetors being somewhat ob- 
structed as to air currents by the magnetos directly next 
to them. Suction elbows were not used, the air being 
taken into the venturi passages. This probably accounti 
for the consumption of gasoline, which was .583 pounds 
per H.P. hour. 

After the test all the pistons and piston tins were 
calipered and found round and true. 

Upon dissembling the two forward cylinders adjacent 
to the propeller were found cracked above the flange in 
the skirt, but this did not interfere with the running. It 
was not discovered until after the engine had been taken 
down. This accident was accounted for by the fact that 
the iron of the cylinders was not in accord with Signal 
Corps specifications. The discrepancy of material was 
immediately remedied.' 

The test of fifty hours thoroughly demonstrated the 
reliability of the engine and endorsed all the changes 
that were made in the French design. The H.P. in the 
American motor was found to be greater than that of the 
French, 



American and French Bugatti Compared 

Owing to the fact that the French engine which wm 
sent over to this country had had a limited test in Pwis 
of 37 hours and had not been in flight, all of the pointi 
in the design were very carefully considered. It wu 
soon discovered that if the job was to be made a prodiK- 
tion one numerous changes would have to be made. Somt 
of the more important of these changes are presented id 

Water Jackets 

It was evident that difliculties were experienced in 
cooling the valve seats of the French Bugatti, as cylinders 
and sample sections of used cylinders showed cracks be- 
tween the exhaust and the inlets. See also Fig. 16, show- 
ing on the plant the point of fracture. In the American 
design, centers of the valves were increased in both dire^ 
tions from center of line, namely, from 1.7S2 in, to 1.761 
in. and also from 1.693 in. to 1.61)4 in. This is cleark 
shown on Fig, 16, Section AA, Fig. 20, shows the deep 
unjacketed section of the cylinder in which the strain iras 
set up, causing the cracked valve seats. To obviate the 
difficulty, the shape of the intake passage and exhaust pas- 
sages were improved and the distance BV, showing the 
height of the unjacketed wall (see Fig. 18) was reduced lo 
distance CC, and at the same time circulation water was 
swept through this formerly restricted passage. To fur- 
ther improve the water circulation around the valve seats 
the small drilled hole B (see Figs. 17 and Si ) wss changed 
to a larger cored passage B', shown on this same Figare. 
The dead pocket C (see Fig, 20) was entirely eUminated 
and in its place clear passage was made as at D (see Fig- 
15). The exhaust valve stems were not properly taken 
care of as to heat transference to the water jacket. The 
depth of water around valve stem guides is shown on Fig. 
19, where the French Bugatti and American Bugatti art 




Crankcase of King-Bugatti 
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contrasted. (See B and B.) Owing to poor conductiv- 
ity through threaded portions of valve guides, the thread- 
ing was eliminated and cast iron valves were pressed 
into place, thus making a much more uniformly cooled 
stem. The bronse guides taken from the French Bugatti 
showed evidence of high heat. 
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Propeller Gears 

In transferring the French pitch of 3.6 to American 
pitch, it was considered that the coarser pitch, namely 5, 
would be preferable (see Fig. 32), and the number of 
teeth was changed but the ratio was practically main- 
tained. It was further determined that there was an 
error of -t^io' in the French Bugatti engine between the 
timing of the right and the left crankshafts. As this 
would have considerable elTect in the cross firing from the 
magnetos and, further, the engine would not be perfectly 



timed, this was corrected by changing belts from eight 
to nine in each gear. This with a certain relation between 
the holes and the teeth, enables the engine to be timed as 
stated with a slight error of 20'. The difference in run- 
ning between engines thus timed can be easily appreci- 
ated. 

Propeller Shaft and Bearings 

At the request of Capt. Lepere the propeller was moved 
forward S% in. to assist in stream lining the plane. This 
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dimension would have brought an overhang of 8^4 in. for- 
ward of the front supporting bearing in the French en- 
gine. (See Figs. 23, 23A and 23B.) This was far from 
good practice and was not contemplated. A deep groove 
radial bearing was selected and the comparative overhang 
was reduced from 8% in. to 3 in. and further the gear load 
was taken between two such bearings. This deep groove 
bearing has proven in American practice to be good, as it 
takes both radial and thrust loads. The overhang gear 
as in the French engine has not been found successful in 



practice, as a certain wedging action takes place from the 
gear load and forces the true pitch contact line to assumf 
a diagonal line. The ball bearing thrust as used in the 
French engine permits the balls to be thrown outward bt 
centrifugal force and causes an improper contact on ball 
surfaces; this can be further aggravated by the wedging 
action of the gears. In the parts removed from the 
broken up French engine (see illustration) the thrust rings 
and balls were burned to a deep blue. The assembly of 
the propeller shaft bearings is a difficult " in place " 
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King-Bugstti 16 cylinder 410 H.P. engine — sectional view 



assembly in the French engine. In the American design 
the bearings are entirely an " outaide " assembly. The 
sliding door in front cover of the French engine has been 
eliminated. 

Water Pump 

The French Bugatti pump as mounted on the engine 
permits water leakage to enter the sump and mix with 
the lubricating oil. This will lead to difficulties in the 
operation of the engine. (See Fig. 22.) In the Ameri- 
can model the pump was moved back, a better support 
added (see distances C and C') and an opening wa^ 
arranged so that the leakage could pass outside of engine 
sump. Two bearings were provided on pump shaft. 
The rotor is riveted to shaft and driven with a Woodruff 
key. Lubrication is prot'ided with water which passes 
through center of shaft. It i.i found in practice in drain- 
ing the system in cold weather that where the rotor is 
brought clear to the housing wall, (see Dimension A) 
water is held by capillary attraction in this narrow space 



and freezing results at this point and when the engine 
is started the pump shaft is sheared off. This space has 
been opened up in the American model (see Dimension A') 
and the water is thus permitted to freely pass out. An 
elbow has been added to pump cover which can be assem- 
bled pointing in any desired direction. Jt is believed in 
this redesign that the troubles experienced during the 
official test have been eliminated. 

Rocker Arms 

These are shown in detail in Fig. H. Simplicity of 
machining was studied and from I-l machining operations 
on the French Bugatti this has been reduced to 4 on the 
American model. Each engint has 4S rocker arms; there- 
fore the French engine has 673 machine operations as 
against 198 on the American model. 

Piston and Piston Pin 

The five piston rings, namely, %£ of an inch face are 
not considered commercial and were replaced by three 
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rings \i of an incli face, {See Fig. 31.) Further, the 
effective length of the piston waa increased from iVrn to 
4% and said piston was made of the slipper face principle, 
which eliminated contact with the side walla and gives bet- 
ter air cooling on the hot unjacketed vertical sections be- 
tween cylinders. Ribs have been eliminated and the pis- 
ton wall arranged for uniform heat transference to the 
jacket. The stresses on the piston ring were figured and 
found to be high, indicating a weakness. The diameter 
of pins was therefore increased from *%i to I Mo in. No 
report of breakage pins was received with engine, and 
upon receipt of the copy of the French Official Test re- 
ceived in Jlay, 1918, from Lt. Col. Dunwoodie of the 
Technical Section, it was noted that in the test run of 



November 16, 1917, that piston pins were broken and 
three had to be replaced. 

Water Circulation 

The'French engine had a water pipe with hose connec- 
tions, three to each cylinder block between the cylinders. 
This is a difficult assembly, and in case of a leak in a 
complete engine means the removal of the exhaust pipes 
(see Fig. 25). In the American design the water can 
be sent through either end at the top of the cylinder 
blocks, thus sweeping all steam from exhaust seats. P»rl 
of it is deflected through the inlet manifolds. (See Fig. 
26.) 
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King-Bugatti 110 H.P. 



Cam Shaft Gear Mounting 

In the American model a loose piece is avoided, at 
center of shaft; also the small internal grinding in the 
camshaft. (See Fig. 26.) 

Vertical Shaft Arrangement 

In the French engine gear Y' (see Figs. 30 and 35) 
was screwed on the end of shaft Z'. This at once pre- 
vented interchangeability, as it in no way determined the 



location of a tooth in relation to the erank pin. This in 
each individual French engine was to be corrected by 
proper timing and then drilling the hole for pin N in 
vertical shaft. This was avoided in the American model 
by extending key to crank cheek ZZ fitting the gear di- 
rectly to this same shaft. The key was accurately cut in 
relation to a tooth and uniform timing was at once ob- 
tained. The vertical shaft drive above was taken through 
two square shaft ends and not through a pin. 
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Connecting Rod Ends and Liners 

'he French Bugatti engine had no liners in connecting 
ends (see Fig. 2i) and depended on a thickness of 
aitt of .014 in. directly on the steel shell. This be- 
an extremelj' thin layer, a considerable risk was 
red in a 16 cylinder engine. In case a rod was 
led out steel would come in contact with steel, result- 
in a seizure of rod on crank pin, a broken rod would 
iw, meaning the ultimate wreck of engine. In the 
;riran engine, bronze liners were put into rod ends and 
inches of babbitt was used. In case of a burned out 
steel will come in contact with the bronze and the 
r therefore will not seize on the' crank pin. This will 
>le the flier to still operate his engine and make a 
ling. Owing to the oil pressure in the American en- 
, the long grooves in bearings are eliminated and in 
r place the short grooves are used. The replacing of 
rs in rods is comparatively easy and does not demand 
lantity of spare connecting rods for repairs. 

Main Bearing Liners 

hese are of bronze and not of steel as in the French 
ne, and for the same reason as in the connecting rods, 
, that a burned out bearing will not seize the crank- 





shaft. Attention is called to the small lubricating oil 
holes in the French liners. These take care of the pina 
and are of such dimensions .047 in. (see Fig. 26) that they 
can be easily clogged, whether with sediment or cold oil. 
This is an open system with low oil pressures, and hence 
these passages cannot readily clean themselves. It is pos- 
sible that clogging of these holes in the French engine 
caused the wreck of this engine on the test stand. 

Carburetors 

The placing of the carburetor float chambers in the 
French Bugatti is not according to standard practice and 
in climbing or in a nose dive a different mixture is likely 
to result in the forward and rear cylinders. (See Figs. 
33 and 34.) In the French engine one float chamber is 
forward of the jet and one is in the rear. In the Amer- 
ican engine they are both brought to the rear. The 
American engine therefore gets a uniform mixture in all 
cylinders. 

Ignition 

It was decided that two magnetos would be used. With 
the Splitdorf magneto a separate distributor is used 
mounted on the ends of the camshafts. The Simms mag- 
neto was used for half of the production, and these two 
mganetos were each equipped with their own distributors. 
A saving of over forty pounds was effected by this ar- 
rangement as against the use of four magnetos. Each 
engine is completely cross wired to each magneto ; in otlier 
words, it is perfectly synchronized, and is such that each 
magneto taken separately will operate engine, and owing 
to this perfect synchronization the two magneto arrange- 
ment runs with less vibration than the four magneto 
scheme. With the two magnetos and the distributor a 
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Section shciwin|c oiling systfin — King-Butcatti engine 
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starting magneto is supplied. This consists of a hand 
operated independent magneto in the fuselage, which de- 
livers a shower of sparks on the proper cylinder as se- 
lected by the distributor. Ease of starting is facilitated 
inthit 



Oiling System 

The oiling system as applied to the French Bugatti 
engine can be considered an open system non- pressure 




type, the pressure being determined by the diameters of 
the open orifices. (See Figs. 37 and 38.) In other 
words, with heavy or cold oil, the oil will take the path 
of least resistance and will not travel to the remote ends 
of oil leads. The small openings in bearings (as shown 
on Figs. 26, 37 and 38} become clogged with sediment, 
waste or coagulated oil. Owing to the pressure not being 
sufficient to clear these passages, trouble can be expected. 
Such trouble has already been experienced in engines built 
in this country. The fundamental principle in the Ameri- 
can Bugatti engine was to obtain a true pressure system 
on all bearings, including camshafts. (See Figs. 39 and 
40.) The oil is to be controlled by a relief valve (shown 
on Fig. 39). This can be regulated and the proper pres- 
sure obtained. The seat of this valve is scored so that 
at all times a flow of oil is supplied to the gear faces and 
an additional flow will also come from the lift of this re- 





Fig. 45. Magneto gear housing assembly 
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Fig. 48. Longitudinal section of the King-Bugatti engine, showing the oiling system 



lief valve from its seat. All exterior oil pipes which are 
subject to breakage have been eliminated in the American 
Bugatti engine. Tlie oil is fed upwards through drilled 
holes in crankcase and directed to the center of the cam- 
shaft through two openings. At each revolution of the 
camshaft a small groove in the bushing of this bearing 
passes a drilled oil hole lead to the center of camshaft. 
This squirt of oil is directed outward at each revolution 
over the cams, gears and rocker arms. The tie-bar in this 
engine is brought in contact with the front gear cover and 
the oil is led directlj' into same without the use of exterior 
piping. The oil lead to the gauge is further brought out 
at the rear end of this same member and an extra length 
of gauge pipe is thus avoided. Two oil pumps are driven 
by the crankshafts and said pumps are mounted on the 
propeller gear housing. One pump is arranged to supply 
the pressure system, the duplicate pump is used to clear 
the forward end of the sump in a nose dive. In climbing, 
the oil is led out of the crankcase by gravity to the oil 
supply tank. Pipe into said tank being led into a position 
at the rear of the tank in order that the oil cannot flow 
back in the crankcase by gravity. 

Outside Water Jackets 

It was first contemplated to weld the sheet iron jacket 
to the cast iron cylinder hy the oxyacetylene process. 
(See Fig. 27-) After certain experiments were carried 
out, it was considered that this was not a production job 
and the arrangement as .shown on Fig. 37A with aluminum 
covers will probably be adopted. 



This examination by Mr. King and his engineers lei 
them to the conclusion that the Bugatti engine as delivered 
by the French to the American government was not a 
commercial engine, as it was necessary to redesign the 
entire motor and to bring it in line with American practice. 

Carburetion 

Four specially designed Miller carburetors are used 
(Fig. 41) each supplying one block of four cylinder) 
through separate water jacketed manifolds (Fig. 42). 
They are set low so that gravity feed may be used and all 
four are identical, there being no rights or lefts. 

The throttle valve is of the barrel type, the axis o( 
all valves being parallel with the center line of the engine, 
the two carburetors on each side of the engine being op- 
erated by one shaft which is connected to the valves at 
each end through adjustable couplings. The shafts on 
the two sides of the engine are connected so that all four 
valves move in unison, the valve opening being synchro- 
nized by means of the adjustable couplings. 

Gasoline from the tank enters the carburetor throogh 
the elbow (Fig. 41), passing through the strainer B- 
16941, thence into the float chamber, flowing out throng 
the four %3 in. holes in the lower end of the needle valve 
seat. 

When the gasoline reaches the proper level the rising 
of the cylindrical brass float lowers the needle valve onto 
its seat, thus stopping the flow. From the float chamber 
the gasoline enters the lower %« in. hole in jet holder. 
There are seven of these jets, drill sises being as follows: 
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Fig. 4^. Details of gas inlet maaifold — Front right and rear left 



No. 76, which is the idling jet. No. 76, No. 75. No. 71, 
No. 68, No. 57, No. 53. These jets progressively come, 
into action as the throttle is opened. 

Gasoline is drawn into the jet through the small hole 
in the bottom of the threaded end, mixing with a certain 
amount of air sucked in through the four holes drilled in 
the barrel of the jet just above the threaded portion. 
This air is taken from tUe outside through the upper '^a in. 
hole in jet holder and passes down around the outside of 
the jet to the four hales mentioned above. The major 
portion of the air enters the carburetor through the lower 
end of the venturi, which is 3 in. in diameter, passes up 
around the jet bar holder, combining above this with the 
rich mixture from the jets to form the proper mixture for 
combustion. 

Assembly of the altitude valve is shown on drawing 
(Fig. *3). This waive operates by turning the lever 
which is attached to the altitude control valve. This 
valve has two openings in its seat which when in the open 
position register with two simibr openings in the sta- 
tionary cover, thus making two free passages to the outer 
air, the size of this passage being governed by the posi- 
tion of the lever. 

There are four outlets (Fig. 43), one of which con- 
nects to each of the four elbows, opening directly into 



the top of the float chamber. The float chamber is 
always in direct connection with the venturi through a 
%i in, drilled hole opening into the venturi about Vt in. 
above the jet holder and into the float chamber well above 
the gasoline level. Opening the altitude control valve de- 
creases the vacuum in the float chamber thus increasing 
the flow of gasoline through the jets. 



Ignition System 

Ignition in by four Dixie 800 magnetos, two on each 
side of the engine, driven from the vertical camshaft 
driving shaft by bevel gearing as shown on drawing Fig. 
44. All magnetos turn clot^wise. 

Two Titan A. C. spark plugs are used per cylinder 
located in the side of the combustion chamber. 

The rear magneto on the right hand side supplies cur- 
rent to the rear plug in each of the eight left hand cylin- 
ders, the front magneto on the right hand side supplying 
current to front plug in each of the eight right hand 

The same arrangement is followed with the magnetos 
on the left hand side so that the two magnetos on either 
side will fire' all sixteen cylinders. 

Magnetos are set for a maximum advance of 38°. 
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The bevel gear on the magneto shafts Fig. 44, is fitted 
on a taper with a key. The gear has eight keyways, six 
spaced 48°, one spaced 42° and one spaced 30°. This 
in combination with the gear teeth allows the magneto to 
be set within 1%° on the crankshaft. 

The magneto advance and retard mechanism is shown 
in Fig. 45. Gear B- 16042 meshes with the gears on the 
magneto shafts. This gear has four internal spiral 
grooves sliding over splines on the sleeve which is keyed 
to the driving shaft but may be moved along the shaft by 
lever. The movement of this sleeve revolves the magneto 
driving gear in relation to the shaft driving gear, thus 
advancing or retarding the magnetos. The levers on the 
two sides of the engine are operated from one shaft lo- 
cated above the crankcase between the cylinder blocks, 
the connections to the levers being through adjustable 
yokes so that the magnetos may be synchronized. 

Oiling System 

Oiling is by means of pressure feed and spray. There is 
one pressure and one scavenging pump both of the rotary 
gear type. These are located at the front of the engine, 
driven directly from the crankshafts through a pin and 
slotted coupling. Figs. 46 and 47. This coupling is 
squared to the pump shaft, but is not pinned, thus reliev- 
ing the shaft of any end driving pressure. The gears in 
both pumps are the same except that the scavenging 
pump gears have a wider face. 

Oil, after passing through a strainer, is drawn from 
the supply tank by the pressure pump which is driven 
from the right hand crankshaft. This oil is forced into 
the pressure line running the entire length of the crank- 
case as indicated in Fig. 48. An adjustable pressure reg- 
ulating valve is located in the crankcase front gear cover. 
It is of the poppet valve spring seated type and dis- 
charges the excess oil directly onto the propeller shaft 
driving gears. This valve is generally set so that the 
pressure gauge which is connected to the rear end of the 
main oil line in the crankcase registers about 30 lbs. This 
valve has holes drilled through the head so that there is 
always a certain amount of oil discharged onto the gears. 

From the pressure line the oil passes up around the 
studs which hold this line in position to an oil passage 
cut along the top surface of the crankshaft bearing cap, 
see Fig. 48. For the center crankshaft bearing this oil 
is carried through a drilled hole as indicated in Fig. 51. 
These passages carry the oil to all the main crankshaft 
bearings. All the main crankshaft bearings and pins are 
hollow. Main crankshaft bearings Xo. 2, No. 4, No. 6 
and No. 8 have a 'Ho in. Yadial hole drilled entirelv 

• 

through them. All the crank pin bearings have a 'He in. 
radial hole drilled from the inside to the central hole. A 
^•/«4 in. hole is drilled in the web both sides of main crank- 
shaft bearings No. 2, No. 4, 6 and 8 connecting the central 
hole in the main and pin bearings. A copper shell is 
placed in these central holes and the ends spun over 
making an oil-tight joint. These shells are necked in the 
central portion so that a tubular oil space is left as indi- 
cated in Fig. 48. 

Oil from the passages in the crankshaft bearing cap is 
forced into this tubular oil space through the %6 in. holes 



which register with this passage twice per revolution. 
From here the oil passes to the pin bearings, the leakage 
from these bearings being thrown on the cylinder walls 
and gudgeon pins, thoroughly lubricating these parin. 

Four vertical holes are drilled in the crankcase web 
connecting with the oil passages in the crankshaft bear- 
ing cap No. 3 and No. 7. These holes register at the top 
of the crankcase with copper tubes which pass through 
the cylinder water jacket space, registering at the top of 
the cylinder block with four holes drilled in the webs 
of the crankshaft housing. These holes register with an 
oil groove of '"Km in. radius cut entirely around camshaft 
bearings No. 3 and No. 8, right and left hand. A No. 
35 drill hole connects the oil grooves with the interior of 
the hollow camshaft. Oil is thus carried under pressure 
to the hollow camshaft. From the hollow camshaft, the 
oil passes to camshaft bearings No. 1, No. 2, No. 4, Xo. 5, 
No. 6, No. 7, No. 9 and No. 10 through a No. 35 drill 
hole. Camshaft bearing bushings No. 2, No. 4, No. 7 and 
No. 9 have a ')i2 in. x ^^2 in. oil groove cut full length of 
the bearing surface, the drilled hole in the camshaft bear- 
ing registering with this groove once per revolution caus- • 
ing a small stream of oil to shoot out both sides of the 
bearing thoroughly lubricating the cams, valve rocker 
shaft, rollers and valve stems. Camshaft bearing bush- 
ings No. 5 and No. 6 have a %2 in. x 1^2 in. oil groove cut 
from M in. of the outer edge to the inner edge, the drilled 
hole in the camshaft bearing registering with this groove 
once per revolution. Oil from this groove in the rear 
bearing lubricates the thrust surface of the camshaft bevel 
gear while the small stream from the front bearing thor- 
oughly lubricates the camshaft and camshaft driving gears 
and the camshaft driving gear bearings. 

A %6 in. hole is drilled in the crankcase web connect- 
ing with the oil groove in No. 6 crankshaft bearing cap 
and registering with a Hq in. drilled hole in the pro- 
peller shaft rear bearing bushing. This thoroughly lub- 
ricates this bearing. The oil flowing from this bearing 
returns to the sump by gravity. 

The camshaft and magneto driving gears in the crank- 
case are lubricated by spray. The gearing in the cam- 
shaft housing is packed in grease. 

The crankshaft and propeller shaft ball bearings are 
lubricated by spray. 

Oil which drains to the bottom of the camshaft housing 
is returned by gravity to the crankcase through twelve 
pipes passing through the cylinder water jacket space. 

Oil which drains to the front end of the sump is re- 
turned to the oil tank by the scavenging pump. 

Oil which drains to the rear end of the sump is re- 
turned to the oil tank by gravity. 

Cooling System 

Cooling water is circulated through the engine by 
means of a centrifugal pump, see Fig. 49, driven from the 
rear end of the left hand crankshaft by a pin and coupling 
the same as used on the oil pump. 

The cooling system from the pump inlet to the outlet 
elbows on the front cylinders holds four and one-quarter 
gallons of water. 

The pump impeller is 5% in. diameter with erght vanes, 
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b being drilled with eight % in. holes on a circle of 
liameter to equalize the water pressure. 

pump is packed with a graphited asbestos rope 
g, automatically held under compression by a coiled 
acting on the gland. 

pump shaft is hollow, the rear end being in direct 
nication with the water in the pump case. Water 
\g the shaft is forced out to the shaft rear bearing 
; through a li in. hole. Any leakage of water past 
bestos packing is drained outside of the crankcase 
h a % in. cored hole in the water pump body. The 
bearing on the pump shaft is lubricated by spray 
he crankcase which collects on the shaft bushing 
t and drains down in a % in. hole leading to the 
^. Any oil leakage from the front end of this bear- 
urns to the sump, any slight leakage from the rear 
' the bearing is drained outside of the crankcase 
be water leakage from the rear bearing, 
re is one water inlet to the pump 2M in. inside 
er while the single outlet is S'Me in. diameter, 
from the pump is forced up into an aluminum pipe 
ne branch leading to the rear end of each of the 
^'linder blocks, water entering the cylinders at the 

the water jacket on the exhaust side. A certain 
t of the water circulates through the inlet manifold 
, the remaining filling the cylinder water jacket 

nder blocks are cast with integral water jackets ex- 
le sides below the inlet and exhaust ports which are 
i by an aluminum water jacket plate held in posi- 
,' screws. 

construction of the water passages in the head of 
linder is such that the valve stems and exhaust pas- 
ire very thoroughly cooled. 

four cylinder blocks are identical, the water pass- 
om the rear to the front cylinder blocks through 
gs located similar to the inlet opening, leaving the 
blocks through another similar opening. 

Propeller Shaft 

propeller shaft is driven through a spur gear 
i to the shaft meshing with a gear on the front end 
li of the crankshafts, both the crankshafts turning 
ise. The propeller shaft is hollow. Provision is 
for mounting a 37 mm. cannon at the rear end of 
ankcase, the barrel of the cannon passing through 
How propeller shaft. This shaft is carried in three 
^s, a ball bearing either side of the gear and a 
rearing at the rear end. 

front gear cover, the ball bearings and the gear 
sembled complete as a unit before mounting in 
gine. The ball bearings are No. 6219 Monarch 
1, Width Hess Bright, being narrower than the 
rd bearing. The front bearing is mounted in the 
3ver and takes all the propeller thrust as well as a 
I part of the radial load. The rear bearing slides 
retainer in the crankcase, being free to move end- 
?arrying radial load only. The hub of the gear 
{ a spacer for the baH bearings, they being held in 
n on the shaft by two nuts with a locking plate be- 
Mounting is such that the ball bearings and gear 



are easily and positively assembled, there being no danger 
of injuring the ball bearings by screwing the retaining 
nuts too tight. 

Camshaft Drive 

There are two overhead camshafts, each one running 
full length of the two cylinder blocks. Each shaft is 
made of two separate shafts joined near the center by 
six bolts passing through flanges on the shafts. These 
bolts also hold the camshaft gear in position. Each com- 
plete shaft is carried in ten plain bearings in a remov- 
able camshaft housing. The two housings are of alum- 
inum and each one is bolted directly to the top of the 
cylinder blocks without the use of a gasket by twenty % 
in. studs. 

The first camshaft housings had a sheet aluminum cover 
as indicated on Fig. 51, a later housing is made entirely 
of cast aluminum with a cast aluminum cover plate at 
the side running the entire length of the housing. See 
Fig. 52. 

Each camshaft is operated through a bevel gear driven 
by a vertical shaft between the two cylinder blocks which 
in turn is driven by a bevel gear on the crankshaft. The 
gear on the crankshaft is pressed in position and in addi- 
tion is held by a key. The keyway is cut in a definite posi- 
tion with relation to a marked tooth. The thrust of this 
gear is taken by the crankshaft center bearing. This 
gear meshes with a bevel gear which drives the vertical 
shaft; the thrust of the gear being taken on a bronze 
Babbitt lined bushing pressed into the aluminum crank- 
case. This gear has a long shank which acts as a bear- 
ing for the gear and has a fine external thread cut at its 
upper end. This upper end has a square broached hole, 
the hole having a definite relation to a marked tooth of 
the gear. The bearing for the upper end of the shank 
of this gear is a bronze bushing Babbitt lined pressed into 
the crankcase. The upper end of the bearing is cupped 
to form an oil well which catches the spray in the crank- 
case which is led to the bearing. The magneto driving 
shaft gear, see Fig. 44, is screwed into the thread at the 
upper end of the shank, the adjustment of the gear being 
obtained by means of the thread. This gear has a square 
broached hole the same size as the hole in the shank of 
the gear it is screwed to and is locked in position by 
dropping the camshaft driving shaft into position, this 
shaft having a squared section at both ends, the lower end 
fitting into the square hole in the magneto driving shaft 
driving gear and the square hole of the shank of the cam- 
shaft driving shaft gear. The gear on the camshaft 
meshes with a gear having a long shank with a squared 
section at its lower end, the square being cut with a definite 
relation to a marked tooth on the gear. This gear takes a 
bearing in an aluminum Babbitt lined bushing which is 
held in position in the camshaft housing by a large flat 
head screw. This bushing also takes the thrust of the 
bevel gear. The upper end of the vertical camshaft 
driving shaft and the lower end of the camshaft driving 
gear are connected by a coupling consisting of a square 
piece of steel with a square broached hole fitting over 
these square ends. 

The teeth of all the gears being marked for the mesh- 
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ing position they may be easily assembled in the proper 
positions for correct timing. 

Valve Mechanism 

The valves are operated by an overhead camshaft 
through a rocker arm. These rocker arms. Fig. .10, are 
pivoted on steel shafts which are slid into drilled holes 
along both sides of the camshaft housing as indicated in 
Fig. 50. There are four of these rods to each housing, 
each one-half the length of the housing. The ends of the 
rods butt together at the center, tlie outer ends being 
flush with the ends of the camshaft housing and covered 
by the end bearing support for the camshaft when this is 
bolted in position. Tlie rods are thus prevented from 
moving lengthwise. Tiiey are of a tight enough fit in the 
drilled hole in the camshaft housing so that there is no 
turning motion. The outer end of each rod is tapped 
for a wrench to be used in withdrawing the rods from the 
housing. 

Each rocker arm operates one valve, they are forg- 
ings and the pivot bearing .of the arm on the rod in the 
camshaft bousing is not bushed. Tlie cam operates on the 
large roller, Fig. 30, which is of hardened steel taking a 
bearing on a hardened steel pin. This pin is held in the 
rocker arm by spinning the metal of the rocker arm 
around the beveled end of the pin as clearly shown in 
Fig. 50. The small roller operates directly on a cap 
placed over the end of the valve stem. This roller is of 
hardened steel and takes a bearing on a hardened steel 
pin, the ends of which are soft and spun over into a bevel 
at the outer edges of the hole in tlie rocker arm. 

The end of the valve stem has a cap slipped over it 
as is indicated in Fig. 44, the upper end of the cap being 
hardened. The proper clearance .015 in. for both the 
inlet and exhaust valve between the end of this cap and 
the roller in the rocker arm is obtained by placing shims 
in the cap. Three difl'erent steel shims are used of .003 
in, .003 in. and .010 in, thickness, the first being octagonal, 
the second hexagonal and the third round, so that the 
different thicknesses may easily be picked out by eye. 

The upper valve spring retainers liave a central tapered 
hole, the large end of the hole being on top. The vale 
stems are necked and a tapered split collar is slipped into 
the necked portion of the stem, large end up. This taper 
is the same as the bole in the spring retainer. The pres- 
sure of the valve springs forces the retainer against the 
tapered collar which is prevented from moving by the 
shoulder on the valve stem, thus locking the retainers 
into position. 

Valves 

The inlet and exhaust valves work in cast iron guides 
pressed into the cylinders. Liberal water space is pro- 
vided in the cylinder head in the neighborhood of these 
guides so that the valve stems are well cooled. 

The exhaust valve stem is hollow from the head to 
within a short distanec of the necked portion at the upper 
end. The hole is closed at the head end by a short 
threaded plug screwed in below the surface of the valve, 
the recess then being filled level with the surface of the 
valve by welding. This closes the hole tightly and locks 



the plug in position. The lower end of the exhaust i 
stem is of larger diameter than the upper end. Boll 
large and small diameters take a bearing in the \ 
guide as indicated on Fig. 44. At the shoulder for 
by the junction of the two sizes of stem three %2 in. h 
are drilled at an angle of 30° with the axis of the » 
sloping towards the head of the valve and coDDec 
with the drilled hole in the stem. At the upper eac 
the stem just below the necked portion a %2 in. hoi 
drilled through the wall of the stem. The movemenl 
the valve up and down in the guide causes a pum): 
action, the transfer of air within the valve stem be 
thought to eool the stem to a certain extent. This di 
ing also lightens the valve. 

Piston 

The piston is of aluminum and has two ring groc 
above the gudgeon pin. Two Vh in. wide rings are pli 
in both of these grooves. The rings require a press 
of ten to twelve pounds applied on a diameter at r: 
angles to the slot to bring the ends of the 30° sloi 
within .010 in. of the closed position. The lower rin 
beveled, being placed in the groove with the sharp t 
down so that it acts as a wipe ring forcing the oil on 
down stroke into an oil groove cut just below the 
groove. The land between the bottom of the ring gn 
and the oil groove is %i in. wide and it is ^s in. smj 




Fig. ifi. Oil pressure pump assembly 




Fig. 47. Oil suction pump 
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diameter than the land above this ring groove. This 
forms a free passage for the oil to the ail collecting groove. 
Eight %2 in, holes are drilled around the piston connect- 
ing the oil groove with the interior of the piston. These 
holes slope down at an angle of 60° with the axis of the 
piston carrying the oil wiped from the cylinder wall to 
the interior of the piston. A slot M in. wide x Me in. 
deep is cut from the oil groove to the gudgeon pin hole at 
both ends thus lubricating these bearings. Two ^ in. 
wide X iia in. deep oil distributing grooves are cut 
around the piston, one about ^a in. above and one about 
%a in. below the center line of the gudgeon pin. 



center of the pin, are drilled through the wall of the pin. 
These holes when in a certain position register with an 
oil groove in the connecting rod bushing, allowing a cer- 
tain amount of oil to enter the hollowed gudgeon pin and 
when in the lower position allow the oil which is pocketed 
in the pin to run out onto the connecting rod bearing. 



Connecting Rod 

The connecting rod is a steel forging machined all ovei 
t is of eye cross-section. 
The small end bearing is a bronze bushing pressed i 




1-ig. 49, Wat 



assembly 



Gudgeon Pin 

The gudgeon pin floats in both the connecting rod bush- 
ing and the piston. Bearing in the piston is directly on 
the aluminum. It is held from endwise motion by an 
aluminum plug pressed into each end. See Fig. 41. 
These plugs are drilled axially with a % in. hole, which 
allows a certain amount of oil from the cylinder wall to 
enter the hollow gudgeon pin. The ends of these plugs 
where they bear against the cylinder wall are turned to a 
spherical seat of a radius equal to the radium of the cyl- 
inder bore. In operation the gudgeon pins turn more or 
less. Two % in. holes, in line, one % in. each side of the 



Fig. 51. Crankstiaft assembly ctiart 



position, having one straight oil groove, ?fo in. x ^fe in. 
deep running to within V* in. of the ends of the bushing. 
This groove is in communication with a ^%u in. drilled 
hole in the connecting rod through a % in. hole. Oil col- 
lects in the pocket formed by the '%2 in. hole, and is led to 
the bearing through the ^i in. hole. 

The big end of the connecting rod is fitted with a bronze 
bushing which is Babbitt lined. This end is split at right 
angles to the rod on the center line of the bearing, the cap 
being held in position by two % in. chrome nickel-steel 
bolts. The bushing is relieved at the line by 5 grooves, 
■Hfl in. wide about ^i In. long, %4 in. deep, at the parting 
line cut on a Ma in. radius with a center on the parting 




Fig. M. Camshaft housing assembly — right 




Crankshaft assembly — right hand 
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line. The rod half of the bushing has no oil groove, the 
cap half has a circular oil groove entirely around it cut 
on the center line of the bushing and registering with 
the oil feed hole in the crank pin. This groove is % in. 
wide X %2 in. deep. The bushing in the cap is kept from 
turning by a dowel pin with an enlarged head. This head 
enters a countersunk hole in the cap, the small end enter- 
ing the hole in the bushing when it is placed into position. 
This end is of such a length that it does not project 
through the bushing. The pin is thus locked in position 
and cannot drop out or rub on the shaft. 

Crankshaft 

The crankshaft is made in two pieces connected at the 
center by a taper and key drawn up with a nut. Each 
section of the shaft forms a four cylinder shaft with the 
throws all in one plane, the throws of the two sections be- 
ing assembled at right angles. In assembling, the rear 
end of the front half is immersed in boiling water, the 
tapering end of the rear section which is cold is then 
slipped into position and the parts drawn together by 
the nut using a long handled wrench. 

The rear end of each complete shaft has clutch teeth 
cut on it for attaching a starter. 

All end thrust coming on the shaft is taken by the cen- 
ter or No. 5 bearing, all the other bearings having about Vlq 
in. clearance at both ends. 

All bearings, including the connecting rod bearings, 
with the exception of the center main bearing are under- 
cut. This results in a total shortening of the shaft of ap- 
proximately 4fH^ in. This of course results in a consider- 
able saving in the weight of various parts while still 
allowing ample bearing surface. 

The crankshaft main bearings are bronze bushing, bab- 
bitt lined. These bearings are not relieved at the part- 
ing line and there are no oil grooves excepting in the 
lower half of bearings No. 1, No. 2, No. 3, No. 4, No. 6, 
No. 7, No. 8. These have a %2 in. wide x %2 in. deep 
circular oil groove entirely around them. This groove 
registers with the oil into the hollow crankshaft bearing. 
As this oil hole is drilled through both walls of the bear- 
ing on a diameter and as the oil groove in the bushing 
extends through 180° there is always a free passage for 
the oil from the bearing into the hollow crankshaft. 
. In assembling the completed crankshafts in the crank- 
case, they are placed in such a relation to each other 
that if No. 8 throw left is on top dead center No. 8 
throw right will be 45° past bottom dead center. Both 
cranks turn clockwise viewed from the rear of the engine. 

The propeller driving gears are bolted to the crank- 
shaft with nine bolts equally spaced, the bolt holes being 



drilled in a certain relation to the gear teeth. This makes 
it possible to use the same gear on either shaft witli a 
maximum error in the setting of the shafts of 20 minutes. 
The flange on the crankshaft and the gears are marked as 
indicated in Fig. 51 for the proper position of assembly 
of the gears on the shafts. 

Cylinders 

The cylinders are of iron cast in blocks of four. They 
are bolted directly to the top of the crankease without 
the use of a gasket. The water jacket is cast integral 
with the exception of the sides of the cylinder block below 
the inlet and exhaust ports, which are covered with a cast 
aluminum plate attached with screws. A gasket is used 
between these plates and the cylinder. 

Cylinders are cast with separate exhaust ports. One 
inlet port supplies two cylinders. Two outlet and one 
exhaust valves are used. 

The entire combustion space is machined with the ex- 
ception of a ver}^ small recess near the inlet valve seat. 

The tops of the cylinder blocks are machined, making 
an oil tight joint with the camshaft housing without the 
use of a gasket. 

Provision is made for a liberal circulation of water in 
the neighborhood of the valve ports, seats and guides over- 
coming valve trouble. 

Spark plugs, of which there are two per cylinder, are 
located at the side of the combustion chamber in close 
proximity to the inlet valves and are well cooled by the 
circulating water. 

Crankease 

The crankease and oil pan are of cast aluminum. The 
case is well ribbed. All bearings are supported from the 
upper part of the case, the bearing bushings being held 
in place by caps which extend almost the full width of 
the case. Each cap supports two bearings. They are all 
of cast aluminum with the exception of the center bearing 
cap, which takes all the thrust of the crankshaft. This is 
a steel forging. 

The oil pan has a web running its entire length along 
the center line of the engine. This greatly assists in pre- 
venting the current of air caused by the revolving crank- 
shafts from drawing up the oil which is constantly drain- 
ing into the pan. There is also a cross web between 
each cylinder block which runs well up the sides of the oil 
pan. These cross webs have an opening at the bottom 
at their center, allowing the oil to drain to the ends of the 
pan on either side of the web running lengthwise. 

A breather is attached to the top of the crankease near 
the front end between the cylinder blocks. 



THE LAWRANCE 60 H.P. 



The Lawrance Model L' is a three-cylinder Y-type 
air-cooled engine rated at 60 h.p. at 1,BOO r.p.m. The 
aceompanyjng graph shows that the engine delivers 30 h.p. 
at 800 r.p.m. and 63 h.p. at 2,100 r.p.m. 

Bore, 4.95 inches; stroke, 5.25 inches. Cylinder dis- 
placement, 225 cubic inches. The weight complete with 
propeller hub, 130 pounds. This weight includes every- 
thing necessary for running, with the exception of the oil 
tank and mounting plates for which an additional weight 
of nine pounds is allowed. 

Cylinders 

The cylinders are of cast aluminum with cooling fins 
machined. Shelby steel liners with walls Me inch thick 
are used in the cylinders. Liners are case-hardened and 
ground. 

Each cylinder is attached to the crankcase by means of 

Pistons 

Pistons are of cast aluminum alloy. Crowns are flat. 
Each piston has four concentric cast iron rings and one 
wiper ring on skirt. 

Crankshaft 



of chrome-nickel steel. It has a single 
mterbalanced. The shaft is hollow for 



Crankshaft 

lubrication. 

Front end of shaft is tapered to receive the propeller 
hub which is drawn tight by means of a differential thread 
nut. The shaft is sturdy and of large dimensions 
throughout. 

Connecting Rods 

Connecting rods are of chrome-nickel steel. They are 
round, of constant section and hollowed for lightness. 
They are machined all over. Each of the three rods has 
a segmental shoe which floats in two grooves in the big 
end bearing. 

.Bearings are of cast bronze with Babbitt lining. 

Wrist pins of nickel-steel float in both the rods and pis- 
tons. Bronze buttons on the ends of wrist pins keep them 
from working out sidewise. 

Valve Gear 

Valve gear consists of three individual camshafts, each 
with two cams. The push rods are adjustable. 

Rocker arms are provided with rollers where they come 
in contact with the valves so that all side thrust on the 
valve guides is eliminated. 

Valves are of Tungsten steel, 2^6 in. in diameter. 

Exhaust valves are mercury treated so as to more 
readily conduct the heat from the head of valve to the 
stem. 



Guides and valve seats are also of cast bronze, set Into 
heads of the aluminum cylinders. 

Springs are of a new type. They are conical in shape, 
wound of flat steet placed edgewise and tapered so that 
the greater width is in the large coils and lesser width in 
smaller coils. This permits of a shorter spring tlian 
would be possible with the usual helical coil spring. 

Ignition 

Two kinds of ignition are supplied. One type is a mag- 
neto designed by the Simms Magneto Company which has 
a single breaker and one primary winding but two high 
tension windings, giving two absolutely synchronized 

Magneto is run at I'/i times engine speed, 
tension distributor is separate and driven olf 
crankshafts. 

The other ignition system is the •' Philbrin, 
by the Philips-Brints Ignition Company. This system 
has a dual spark with two breakers; either one is used to 
fire the entire system ; allowing perfect synchronization. 
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The Lawrance engine 
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Carburetor. 






A Miller Carburetor 
inches in diameter. 



s to a check valve ^rliich maintains tbt 
used. It has a throat 1% ''««ss'"-y pressure. From this valve the oil drains W 
to the tank immediately below it. On the front coiei 
plate, the by-pass valve operates at a pressure of JD 
. pounds. It might •seem that the two lower cylindm 

Lubrication. ^^^jj ^^^^^^^ ^^^^ ^j jj^^ ^j, ^^^ ^^ ^ matter of fact it lus 

Lubrication is by means of pressure supplied by a gear been proven that the oil is evenly distributed to tbe 3 

pump. Pressure is maintained at 25 pounds per square cylinders, 

inch. Oil is consumed at the rate of .07 lbs. per h,p. pn 

Tbe oil is fed through the rear of crankshaft to the front hour. 
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MODEL L' ENGINE 
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J'calG tf inches 




Diagrams of the Lawrance 60 H.P. engine 



THE LIBERTY TWELVE 



General Data 

Number and arrangement of cylinders Twelve-Vee 

In<'luded angle 45° 

Bore S in. 

Stroke 7 in. 

Stroke-bore ratio 1 :1 l1 

Area of one piston 19.635 sq. in. 

Total piston area 234.62 aq. in. 

Swept volume of one cylinder 137.445 cu. in. 

Displacement of motor 1649.5 cu. in. 

Compression ratio (Army) 5.4:1 

Compression ratio (Savy) 5. :1 

Normal brake h.p 400 at 1,750 r.p.m. 

Type of valve gear... Over head cam shaft and valve rockers 
Number of carburetors Two Duplex Zenith 

Valves 

Number per cylinder One inlet and one exhaust 

Outside diameter 2% in. 

Port diameter 2% in. 



Width of seat } 

Angle of seat 

Valve lift (Inlet) '/io in. 

Valve lift (Exhaust) ^ ii 

Diameter of stem Vm ii 

Length of valve 6^8 ii 

Number of springs per valve 2 concentric 

Length of spring in position '2%v 

Mean diameter of coils (large spring) lT^6 

Mean diameter of coils (small spring) 1 

Inlet rocker clearance 015 

Exhaust rocker clearance 020 

Included angles of valves 2 

Cylinders 

Overall height of cylinders 16'%« i 

Length of projection in crankcase ^Ib* i 

Diameter of cylinder over w^terjacket 6^ in. ma 

Diameter of cylinder over w4|erjacket 5''Ha in. mi 

Thickness of flange fbaiae) V* > 





Fig. 3. Front tkvation of the Liberty Twelve 



Numbrr of sluds ]0 

Diameter of stud 's in. 

Tliickness of waterjacket %* in. 

Tliickness of cylinder head %i in. 

Thickness of combustion chamber-wall "^ in. 

Thickness of cylinder barrel ?4. in. 

Number of rcinforcin); ribs 8 

Tliickness of valvP ports \^ in. 

Diameter of port at valve iVi in. 

Diameter of jwrt at flange 4',i in. 

Number of spark plugs '■Z |»er cylinder 

Pistons 

Type of piston (Army ) Crowned 

Type of piston (Navy) Flat 

Materi;il Aluminum 

l.cnftth of (ti.ston 5 in. 

Length to diameter ratio 1:1 

Number of rings per ]iiston ,'t 

Position of rings Above gudgeon pin 

Width of rings '.4 in. 

Width of lands \h in. 

Distance from bottom to center of gudgeon pin -1 in. 



Tliickness of head t in. 

Thickness of wall at bottom % in. 

Diameter of gudgeon pin lU in. 

Thickness of gudgeon pin wall W in. 



Connecting Rods 

Type Forked 

Length between centers W'/n in. 

Ratio length to crank throw S.-t9;l 

Small end bearing bronse bushing 

Outside diameter of bushing 1% in. 

Outside diameter I^^ie in. 

Tvpe of section " I " 

Depth l'«o in. 

Widtli »% in. 

Tliicknes.s of web 

Thickness of flange Tfe in. 

I^rge end bearing Bronse, babbitt lined 

Inside diameter 2?}. in. 

Outside di.imeter 4'^6 in. 

Length 2% in. 

Thickness of babbitt He in. 
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Fig. 4. Anti-propeller end of tiie Liberty Twelve 



Crankshaft 

Number of bearinf^s (main) 

Cylinder centers .^j 6T4 ii 

Crank pins: 

Outside diameter 2% ii 

Inside diameter iVi ii 

I.enfctli diameter 2'/i ii 

MaiD bearings: 

Outside diameter 2% ii 

Inside diameter 1% ii 

LengUi '2 ii 

LciirHi (proptller end) Hi ii 

Crank webs: 

Widlli '2->l ii 

Thickness 1 ii 

Radius of fillets. Is ii 

Weight of shaft 103 lbs. 

Camshaft 

Diameter of shaft 1 ii 

Inside diameter "1« ii 

Number of bearings 

Length of bearing (:> intermediate) S',i ii 

Length of bearing (gear end) '2% ii 

Length of bearing (front end) .'i'/i ii 

Width of earn face % ii 



Fig. a. Rear elevation of the Liberty Twelve 

Number of cams per cylinder 1 inlet and i exhaust 

Diameter of gear flange 2% in. 

Thickness of gear flange ?ia in. 

Diameter of bolt circle 2 in. 

Number of bolts , 7 

Diameter of bolts M in. 

P. D. of gear 6 in. 

Number of teeth 48 

Width of face 16 in. 

Camshaft housing Barrel type 

Material Aluminum 

P. D. of pinion -2 in. 

Number of teeth 16 

Width of face '^i in. 

Diameter of inelined drive shaft % in. 

Crankcase (upper) 

Material Aluminum 

Thiekness of wall -Vk in. 

Thickness of cylinder pads V2 in. 

Thickness of supporting flange -Ho in. 

Center distance of motor support bolts 16')i in. 

Crankcase (lower) 

Material Aluminum 

Thiekness of wall 1™ in. 
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Lubrication 

Type Forced feed 

Type of pumps Rotary gear 

No. of pumps 1 double pressure and 1 scavenging 

Ratio of pump speed to crankshaft speed 1.5:1 

Ignition 

Type Battery and generator 

Firing order L: 1-9-5-11-8-7; R: 8-4-12-6-10-2 

Number of pluga per eylinder 2 

Type of plug A. C. 

Ratio of generator speed to erankshaft speed 1.5:1 

Cooling System 

Type Water cooled 

Pump 1 centrifugal 



l%ii 



S%« 



Diameter of inlet pipe 

Diameter of outlet pipe 

Number of outlets 

Diameter of rotor 

Ratio of pump speed to crankshaft speed 1.5:1 

Water temperature inlet 135° F. 

Water temperature outlet 175° F. 

Ignition System 

The ignition system used on tlie Liberty Twelve is 
known as the generator-battery type. The system com- 
prises two independent breaker and distributor mechan- 
isms, identical in every respect and each one firing all 
twelve cylinders. For starting and for idling speeds np 
to 650 r.p.m. current is drawn from a specially constructed 
four cell storage battery. The battery is very light and 




T. Ix>ngltudina1 section of the l.ilirrty IVelt'e 
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carries very little liquid or electrolyle. Nevertheless, it 
has sufficient capacity to ignite the engine at full speed 
for three hours. It is so constructed that, even though 
it be turned upside down, it will still continue to function 
properly. 

In addition to the battery, a generator is provided, so 
geared that it runs at one and one-half times crankshaft 

Electrical energy for starting and idling speeds is sup- 
plied by the battery. As the engine speed is increased, 
the generator " builds up " and its output grows greater 
until, at about 650 r.p.m. the generator voltage equals 
that of the battery. The maximum generator outputs ex- 
ceed tiie requirements for ignition so that, at speeds above 
650 r.p.m., the direction of flow current is reversed and 
the excess output of the generator goes to recharge the 
battery. The generator is controlled by a " voltage reg- 
ulator " which prevents the output exceeding a prede- 
termined figure. In view of this fact, the generator will 
supply current for ignition indefinitely, without the bat- 
tery, so long as the engine is not allowed to drop below 
eriO r.p.m. A duplex switch permits of either one or both 



distributors being turned " on," and the switch is so con- 
structed that either set of ignition alone can be used with- 
out connecting the generator. 

Carburetion 

Two Zenith duplex carburetors are used on the Liberty 
Twelve, This is equivalent to four single carbureters, 
each one supplying three cylinders of the engine. Each 
duplex carbureter consists of a single float chamber and 
a single air inlet joined to two separate and distinct spray 
nozzles, venturi and idling devices. As the V-type en- 
gine is, in a sense, two separate engines joined together 
for greater utility, so the Zenith is built in double form for 
the purpose of supplying each one of these two engines 
with its exact requirements. Each of the two barrels of 
each carbureter is fitted with a throttle valve of the but- 
terfly type. The shafts of the throttles are parallel with 
the center line of the engine, and are interconnected by 
means of gear sectors pinned to the throttle shafts and 
meshing together. The two pairs of throttles are op- 
erated simultaneously by a shaft, provided with an adjust- 
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mcnt at each end by means of wliicli the pairs 
clirontzed. Each duplex carbiireU-r is fitted with an " al- 
titude adjustment " which affects both barrels equally. 

Gasoline from the tank enters the float chamber tlirougli 
the gasoline inlet D and the needle valve seat S, lifting 
the float F. As soon as the gasoline readies a prede- 
termined height in the float chamber, tlie metal float F, 
acting through the levers B and the collar G2, closes tlie 
needle valve Gl on its seat 8. 

' From the float chamber to the engine, gasoline flows 
through tliree different channels in various quantities and 
proportions, according to the size of nozzle, speed of 
motor and to the degree of throttle opening. At low 
speed when the butterfly throttle valve T is nearly closed, 
there is little or no suction in the throat X, but as there 
is considerable suction at the edge of the Throttle T, gaso- 
line is drawn through the idling device instead of through 
the jets G and H. This device (see Fig. 31) consists of 
the idling tube M within the secondary well P inserted in 
the main well J, at the bottom of which compensator I is 
located, and which is open to the atmosphere througji 

Gasoline from the compensator I flows through the 
calibrated hole in the bottom of the secondary well P 
(wJiich is open to the air through holes Y) hence through 
the passage R to an opening apposite the throttle valve. 

With tlie throttle fully open most of the gasoline flows 




Fig. 17. Firing order of tlie Liberty Twelve 




Fi(t. Ifi. Transversf section of the Liberty Twelve' 
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Fig. 36, The voltage regulator on the Liberty 




t)ie surface of the pin. Oil grooves and passages in tlic 
connecting rod bushings insure jiroper lubrication for 
both the forlced and plain connecting rodH. 

The excess oil thrown off the rapidly moving connecting 
rod ends forms a mist which lubricates the piston pins and 
the cylinder walls. 

Part of the oil conducted to the main crankshaft bear- 
ing at the )iropeller end of the engine goes through a jias- 
siige around this bearing and up through pipes to the 
propeller end of tile camshaft housings. From the end 
of the camshaft housings it is led around the end camshaft 
hearing to a passage drilled diametrically through the 
bearing midwaj' of its length. Once every revolution of 
the camshaft n hole drillrd through the camshaft into 
its hollow center registers with tlie oil passage through the 
bearing. 



Fig. 37. Voltage regulntor 

gh the channel E and main jet G ; some flows through 
ensntor I, which is located at the bottom of the well 
en to the atmosphere through holes A (see Fig. 31), 
through channel K to the cap jet H wliich surrounds 
lain jet. Main jet and cap jet work together and 
ih the proper mixture at all motor speeds. 

Oiling System 

supply is carried in a reservoir provided with a 
lie means for cooling it. Oil is led from this reser- 
o the connection on the right side of the oil pump 

marked " Oil In." It is filtered at this point 
gh a large area fine mesh screen. A delivery pump 
e gear type takes tlie oil up after it has passed 
;h the screen and delivers it under considerable pres- 
o a distributor pipe running the entire length of the 
case. Opening out of the passage between the pump 
:he distributor pipe is a (tressure regulating valve 
led to maintain a pressure not to exceed fifty pounds 
luare inch on the oiling system. 

les are fitted in the case leading from the distributor 
to the main crankshaft bushings, 
e crankshaft is hollow and in the center of each main 
»g a radial hole is drilled through the shaft into the 
V center. This hole in the shaft registers with the 
iponding hole in the bearing bushing once every 
ition of the shaft, at which time a small quantity of 
forced through into the hollow crankshaft. A pas- 
.eads from each hollow main bearing to the adjacent 

pin. which is .ilso Jiollow. A radial hole is also 
d through each crank pin and carries tlie oil out on 




Fig. 35. TIte distributor mechanism of ttie Lil>er(y Twelve 





$ 
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Fig. ^5. Side section > 
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Fig. 24. Circuit dia^am of ignition on the Liberty Twelve 



Thus once every revolution a small quantity of oil is 
foreed into the hollow camshaft. 

The oil is led through the camshaft and out through 
holes drilled in it to eaeh camshaft bearing. The excess 
works out of the ends of these bearings and collects in 
small reservoirs to a depth of abqut Vt in. The cams, in 
revolving, dip into this oil and splash it over the cam 
rollers and into pockets in the rocker lever shafts. From 
these pockets it is led through the hollow rocker shafts 
to the rocker sliaft bearings. 

The excess oil eventually finds its way to the gear end 
of the camshaft housing, over the gears and down the 
drive shaft housing into a chamber just above the oil 

The excess oil thrown off ii 
necting rods collects in this san 
is inclined so that the propelh 
pelter end of the engine is low 
sump or chamber at th 

Immediately 



1 the crankcase by the eon- 
ae chamber when the engine 
!r end is high. If the pro- 
low, this oil collects in a small 

ropeller end of the crankcase. 

oil delivery pump is located an 



oil return pump consisting of three gears, and driv 
the same shaft as the delivery pump. The function of 
this oil return pump is to draw the excess oil out of the 
crankcase and return it to the oil reservoir. One-half 
of this pump draws oil from the sump at the propeller 
end of the crankcase and the other half draws oil from 
the sump at the distributor end of the crankcase. Both 
halves of the pump deliver oil to the connection on the left 
side of the oil pump body marked "Oil Out," from which 
point it returns to the oil reservoir. 

Cooling System 
Coaling water is circulated through the Liberty engine 
by means of a centrifugal pump running at one and one- 
half times engine speed The capacity of this pump is 
100 gallons per minute at 1,700 r.p.m. The cooling sys- 
tem from the pump inlet to and including the water outlet 
header will hold r,M gallons of water. 



The water pump is provided with a single inlet, the oot- 
side diameter of which is 2 in., and two outlets, each one 
delivering water to a header supplying the right and left 
hand cylinders respectively. Water is forced into each 
cylinder jacket tangent to its outside surface. This con- 
struction gives the water a whirling motion inside dx 
jacket and insures uniform cooling. 

The water outlet pipe for each cylinder extends inside 
the jacket to a point very close to the exhaust valve cham- 
ber, which guarantees the proper cooling of the ezhaait 
valve. The cooling water then goes through a passage 
cored in the intake headers. This serves to wann <nd 
further vaporize the incoming gas as well as assist in co^ 
ing the water. These ])assages in the intake headers at 
connected by two water outlet headers, the final ndlct 
of which has an outside diameter of two inches. 

Carburetor Air Intake 

Tests conducted at Detroit and at McCook Field, Day- 
ton, Ohio, determined upon the best way of modifying the 
present carbureter air intakes to decrease the fire haiard. 

The design which proved the most satisfactory is shorn 
ill an accompanying drawing and consists of a T-shaped 
casting with the air Intake extended upwards, in the fona 
of a pipe stack, through the top of the engine faonnel. 
Drain tubes are provided at either end to carry the gaso- 
line waste outside of tiie fuselage. • 

Dynamometer and flight tests made at McCook FieU 
have demonstrated the performance of the new arrange- 
ment to be fully as efficient as that of the old, while the 
tire hazard has been greatly reduced by draining away 
gasoline drippings from the hot engine " V," and carrying 
the carbureter back-fire flame out of the hood. This thor- 
ough gasoline drain and consequent absence of combos- 
tible vapor also protects the pilot from the fire haaard of 
incendiary bullets passing through the bonnet. 

With this construction it is not difficult to make jet ill' 
spection or changes. By sliding up the pipe stadk. 
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rin^ oft' the attachinfi bails and disconiicotinf; drain 
the mniiifukl can be moved forw.-ird or backward 

iiTvd. to rcacb the jets of either carbureter. 

2 chnnfces necessary in makinj; this installation con- 

of replacements to provide clearance for the new 

■ stack and its jmrts. These chanf^s consist of new 
or curved intake header water curved carbureter 

le control connection. New and larger drain tubes 

so included. 

mlc must be cut in the motor bonnet to provide for 

(it of the air intake pi]>c stack which is cut at an 
above the top of the bonnet so that pressure may 

)duced in the air intake by tile proi>cller slip stream. 



Carburetor Altitude Adjustment 

• altitude adjustment on Zenith type U, S. " 52 " 
reter furnished on Liberty " 12 " cylinder cnf^ines is 
ited range because the float chamber vent, which sup- 
lir to both the float chamber and compensator, is too 
for the best results. Jt is the purpose of this adjust- 
to cut down the flow of gasoline through the jets at 
Ititude where the air is thinner and lighter. Weigh- 
•s )ier unit volume here than at sea level, the air eon- 
less oxygen to sujtport combustion and must, there- 



fore, need less gasoline for the most ceonomieai mixture. 
The altitude valve links up the float chamber with the 
engine suction at the carbureter throat for the purpose 
of holding back the flow or applying a gasoline brake. 
However, instead of maintaining a partial vacuum on 
the gasoline in the float chamber to retard its flow 
through the jets at high altitude, the screened air vents 
nullify this elTect through their excess capacity. 

To correct this condition without interfering with air 
supply to the compensator, miidific.itions have been made 
in the original design by removing the screened air vents, 
plugging the holes in the easting, and drilling a new 
compensator air intake vent. Venting of the float chamber 
is thus accomplished through the air jtassage around the 
secondary well of the idling system, but is partially 
restricted by a collar added to the secondary well as 
shown in sketch, Figure 3. The diameter of this collar 
determines the amount of air restriction and. hence, the 
degree of vacuum |H-rmitted in the float chamber. This, 
in turn, directly afl'ects the flow at the jets and, hence, 
the ga.soline economy. 

Flight tests made at MeCook Field show that the use 
of this altitude adjustment will enable the o|>erator to 
effect a gasoline economy of approximately SW^o under 
that obtained formerly at the same engine R.l'.M. and 
at an altitude of 18,00(1 feet. 





Kig. 12. t'anislmft and camshaft bousinf^ of the Liberty Twelve 
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and nutrii^ the htlinj; 



Fig. 36. Section diagram of the Zenith curbureti 



In adilition it li;is been found advantngeou.^ 
progressive slot o[>eniiif(s in the altitude valve 



to employ 
instead of 
The slots 



■iiUel drill holes formerly employed, 
coming into action progressively permit a more gritdnal 
leaning of the mixture, and the use of a greater range 
reijuired. The ]»ilot 
rating by pulling the 



of that a 
1 ascertain that the valve 



control hnek furtiier than 
off in engine R.P.M. 

Changes can l>e made by dismoiiiitinf^ tlic carlxiri'lrr 
from the engine, and removing the throttle housing, tlir 
t'hoke. tile idling well system, the float mechanism .lod 
the altitude valve. Drill two No. 17 liolfS into main wrll 
and securely plug air vent hole with special plug shown wi 
drawing. Figure 1, and which mu.st be positively Itxiti 
in ])lace by the atlaehmenl of the throttle lioininu. 
Build up shoulder of solder (for temporary use) <a 
seeondary well shown in sketch. Figure .1, and niudiiur 
til dimensions of which difimcter .in miLst im|iortinl. 
Insert new altitude valve. Reassemble the earhurelrr in 
the usual way, and stamp letter " A " on carbureter hody. 
All carbureters now coming through have letter "A" 
cast in place, which refers to venting of well only. Tn 
check uj) on altitude valve, pull out and note whclkr 
drilled or slotted. 



"Olive" Oil-Hose Liner 

The " olive " in the oil hose line is designed to rei^nforor 
the strength of the rubber tubing, and to act as a spacer 
with its tapered ends sli))])ing into the counter-<nnk o|Mfii- 
ings of the oil pipe and the three-way valve connectiiin 
when these two are pushed snugly into the rubber Iw*. 
In this way, the rublier hose is protected from full contact 
with the oil pressure and pieces of rubber which may bt 
loosened tlirougii deterioration are not liable to enter the 
oiling .system. 

An improved olive is now in production which is shorter 
and smaller than the one formerly used. The new olive 
is % in. in length instead of 1 in., and is .301 plus or 
minus .001 in outside diameter. 






s of the /^iiilh c 



retiir itiuiptiifnt on the l.ilierty 
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Vertical Shaft Packing Nut Lock 

Tlie packing nut used on the camshaft driving shaft 
housing where the upper and lower housings join is now 
further secured by a simple stamped steel lock employed 
as illustrated. 

This lock can be used over either of the two outside 
studs on each of the two housings and is held in place by 
the usual castellated nut. The one-sixteenth inch thick- 
ness of the lock will make it difficult to insert the cotter 
pin as formerly but a smaller wire will answer the 
purpose, and prevent nut from loosening. 

Water Pump Impeller Puller 

An improved method of removing the water pump 
impeller without damage from its firm seat on the tapered 
shaft is clearlv illustrated. 

The new impeller puller now going into production per- 
forms this operation with ease, and is of the usual cup 
and screw type. The cup is threaded to engage the end 
of the impeller hub while the action of the screw draws 
the impeller off the shaft. The screw is always retained 
in tlie cup by punching the edge of the first screw thread 
to prevent disassembly. 

Carburetor Gasoline Strainer 

There has been some difficulty experienced through 
dirt working into the carbureter jets, and disturbing the 
measured flow necessary for the best results. This has 
been made possible because there has been no strainer in 
the gasoline system between the tank and the carbureter; 
and gasoline coming into contact with rubber hose will 
rot this in time, causing particles of rubber to be carried 
along into the carbureter. 

To avoid this difficulty, a gasoline strainer has been 
designed to filter the gasoline entering the float chamber 
and to make an easy mechanical breakdown for removing 
the carbureter. This strainer incorporates a bucket 
screen. The gasoline entering from the top filters 
through the screen while the dirt is caught in the bottom 
of the bucket, which can easily be removed and emptied 
at intervals. 

As a further protection against rubber particles a brass 
hose liner or " olive " is inserted in the rubber hose. 
This strengthens the hose and acts as a spacer between 
the supply pipe and the strainer intake; the tapered ends 
of the ** olive " fitting into the beveled ends of the pipe 
and strainer preventing the gasoline from coming into 
direct contact with the rubber. 

To install the strainer assembly, it is only necessary 
to remove the gasoline connection from the carbureter 
bowl and screw the strainer in its place. The gas line 
attaches to the gasoline connection at the top of the 
strainer by means of the rubber hose containing the brass 
hose liner. Suitable clamps are furnished. 

The Part of Zenith in the Liberty Aircraft Engine 

Program 

The first important decision of those engineers who 
were called upon to design an aeroplane engine which 
would uphold America's Air Program was to incorpo- 



rate only those things in their engine that were of proven 
and established quantity. It was therefore only natural 
that in considering the important matter of carburetion 
that the Zenith engineering force was called upon to 
design the Liberty Engine Carburetor. 

The Zenith organization, always progressive, were 
pioneers in aeronautical carburetion. Their early experi- 
ence was with Anzani, whose aero engines created a 
sensation in the early days and made possible some of 
the most important advances in the science of flying 
heavier-than-air machines. 

Immediatelv after the successful 5()-hour test of 
Liberty 12 Engine No. 1 at Detroit, an experimental 
expedition composed of E. J. Hall, one of the Liberty 
Engine designers; Lynn Reynolds, of the National 
Advisory Committee for Aeronautics; E. L. Graham, L A. 
& A. E.; V. L Shobe, of the Zenith Carburetor Company; 
S. Smith, of the Hall-Scott Motor Company, and Ferdi- 
nand Jehle, of the Aluminum Castings Company was sent 
to Pike's Peak, Colorado, to make tests of the Liberty 
Engine at various altitudes. These were very carefully 
conducted and were run at altitudes above sea level of 
from 6,000 feet at Colorado Springs, to li,109 feet at 
the summit of the peak. They demonstrated eff*ectively 
the suitability of the engine for its destined purpose, 
and, incidentally, justified the selection of the Zenith 
carburetor. A very noteworthy fact is that the car- 
buretor adjustment, which was determined as giving 
maximum power and efficiency on the electric dyna- 
mometer test at the Packard factory in Detroit, approxi- 
mately 200 feet above sea level, gave the best results on 
the summit of Pike's Peak, 14,109 feet above sea level. 
This is only possible with a carburetor of plain tube 
construction and having the natural automatic compensat- 
ing feature made possible by the Zenith system. 

After exhaustive tests had resulted in the final details 
of adjustment and installation production was started 
at the Zenith factory. The Zenith manufacturing depart- 
ment, already experienced in high-class accurate work- 
manship and productive ability, carried on the good work 
started by the engineering department, and with such 
success that by November 1st, 1918, when Liberty Engine 
production had reached its peak, there had been delivered 
to the engine manufacturers a quantity of these instru- 
ments which was in excess of requirements to the extent 
of a month and a half of engine production according to 
the schedules then in eff'ect. 

Two of these carburetors are used on each Libertv 12 
Aircraft Engine, they being of Duplex type, i. e., each 
having two carbureting chambers, or barrels, supplied 
from common air and fuel sources. Each barrel has a 
venturi tube for measuring its proper amount of air; one 
main or variable flow jet, and one compensating or con- 
stant flow jet. These are of non-adjustable type, being 
fixed once and for all, two carbureting chambers, or 
barrels, supplied from common air and fuel sources. 
Each barrel has a venturi tube for measuring its proper 
amount of air; one main or variable flow jet, and one 
compensating or constant flow jet. These are of non- 
adjustable type, being fixed once and for all, and so 
close are thev calibrated that each and everv Libertv 
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Engine lias its carburetors fitted with the same sized jets. 
With tlie cxeeption of the altitude adjustment, which is 
incorporated in the design of Zenith aeronautical instru- 
ments to take advantage of tlic lesser air density met 
with at high altitudes and thus perform the important 
function of saving fuel and increasing the radius of action 
of the aeroplane, these carburetors have identically the 
same principle of operation, and same disposition of jets 
«nd venturi, as is used in Zenith commercial instruments. 

The altitude adjustment mentioned above consists 
merely of a valve, connected so as to be manually operated 
by the pilot, which, when opened, puts the interior of the 
carburetor barrels below the throttle, where a partial 
vacuum exists, in communication with the fuel chamber. 
The auction from the barrels reduces the pressure in the 
fuel chamber and tlius causes a decrease in the amount 
of fuel passing through the jets. At approximately 
IS.OUO feet altitude this adjustment makes possible a 
saving of about 30% in fuel consumption, or, in other 
words, increases the radius of action of the aeroplane 
by 30 7o. 

Immediately preceding the signing of the Armistice the 
Zenith comjjany had developed a carburetor which was 
adopted as standard equipment for the Eight-Cylinder 
Liberty Aircraft Engine, and which was sliglitly later to 
replace the orginat model on the Twelve-Cylinder engine, 
that was as much ahead of the original Liberty Engine 



carburetor as it was aliead of other aeronautical < 
buretors at the time of its adoption. Aeroplane devclup- 
ment resulting in greater climbing angles and higher 
inga made necessary eijual developments in carburetion to 
meet these newly imposed requirements. The two |>aiDt' 
of carburetion mostly affected were, first, the abihtv to 
function properly when tilted to extreme angles; 
second, to have an extended range of altitude adjust- 
ment. Still utilizing the same proven principles of opeii- 
tion, but by changing manufacturing details and rcUtivr 
positions of jets, and by a new float mechanism design. 
these requirements were not only met, but were exceeded. 
With a carburetor of this type a Liberty Engine na 
successfully operated at maximum power higher thm 
that obtained with the original instrument at fore and iCt 
angles of tilting of JiO". A tilting of 45° sidewisi 
also passible with the engine on a stationary stand, 
flight this sidewisc tilting, as met with in banking, docs 
not affect the normal functioning of the instrument, dtu 
to the " bicycle balance," or the neutralizing of the font 
of gravity by the centrifugal force.) It is well worthy 
of mention that, with this new type of instrument, Ih* 
power of tlie Liberty Engine was increased, and the 
fuel consumption was considerably decreased. In addi' 
tion, and of importance, the heat loss through the jackets 
was appreciably reduced. 




Fip. J8. The first I.jtierty tested im I'iko's P.iik. 
Inspector; V, 1. Shube, of the Zenith Carburetor Co.; 
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Cylinders 

Eight cylinders, 4% in. bore by iVt in. stroke — set at 
1 included angle of 60-deg. 

Crankshaft 

The crankshaft is of the 5-bearing type, all bearings 
;ing carefully proportioned to give uniform life. 

Connecting Rods 

The connecting rods are of the straddle type, properly 
roportioned and equipped with proper bearings to give 
niform, long and uninterrupted service. 

Pistons 

The pistons are of the aluminum die-cast type, equipped 
ith floating piston pin, and a new arrangement of rings 
prevent fouling of plugs when coasting down from 
gh altitude. 



Propeller Hub 

The propeller hub is of the quick detachable type, care- 
fully designed to prevent freezing on the shaft or be- 
coming loose. 

Crankcase 

The crankcase is of the box-section type, split on the 
center line of the crankshaft with the main bearings 
carried between. Long through-bolts unite the two halves. 

Cylinders 

The cylinders are of the individual steel type, which 
gives besides lightness and reliability excellent water cir- 
culation and valve cooling. 

Valves 

The valves are 3 in. diameter in the clear with 30-deg. 
seats — the intake valve lift being ^6 in. and the exhaust 
% in. This generous valving results in a very high 
m.e.p. even at .siieeds of 1,8U0 or 1,900 r.p.m. 
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Camshaft and Rocker Arm 

The camshaft and rocker arm assembly is of the en- 
closed type, deveIope<J by Packard before this country 
entered the war, and used on the Liberty engine with 
great success. 

Lubrication 

Lubrication is of tlie full pressure feed type. The oil 
pump, screen, and blow-off valve are located low down, 
which makes them easily accessible through suitable 
doors provided in the airplane body. 

Cooling System 

The engine is designed especially for the use of a nose 
radiator, but is equally adaptable to any other type of 
radiator arrangement. The water pump, situated under- 
neath the crankcase, is equipped with an automatic spring 
take-up for the stuffing box and is readily accessible from 
underneath the engine. 

Ignition 

The ignition is an improved Delco type in which the 
heads remain stationary and the spark advance is ob- 
tained by advancing the drive shaft. Complete double 
ignition to two sets of spark plugs is provided and the 
engine will function properly on either set. The ignition 
distributor heads are easilv accessible from each side of 
the airplane body. The generator is located in the saddle 
of the engine and is quickly detachable for inspection. 

Carburetion 

The carburetor is of the double Venturi type, with 
improved altitude adjustment. It is located on the bot- 
tom of the crankcase, which in addition to making it very 
accessible, provides for proper gravity feed and keeps 
the intake passages properly warmed without recurring 
to the hot water jacketing system. 



Weight 

The engine, complete with propeller hub, carburetor, 
ignition distributor heads, ignition switch, generator, 
starting motor and starting switch, weighs 532 lbs. A 
proj)er battery to provide current for cranking and start- 
ing ignition weighs 40 lb. The water contained in the 
cylinder jackets, pump and pipes weighs 25 lb. A nose 
radiator to cool this engine holds 27 lb. of water, making 
the total weight of cooling water 52 lb. A nose type 
tubular radiator weighs 73 lb. 

General Dimensions 

Center to center of bed timber bolts, 14% in.; extreme 
width over-all, 27% in.; highest point above bed timber. 
20% in.; necessary distance between radiator and front 
bulk head for proper mounting is 34 in. to S6 in. 

MODEL I-A-III6 ENGINE 

The specifications for this engine follow those for 
model l-A-744 exactly, with the exception that it is 
provided with twelve cylindfers, instead of eight, and is 
12 in. longer. 

The weight of this engine, complete with propeller hub, 
carburetor, ignition distributor heads, ignition switch, 
generator, starting motor and starting switch, is 710 lb. 

MODEL I-A-2025 ENGINE 

The design of this engine is exactly similar to model 
l-A-1116, with the exception that the dimensions are 
changed as required for 5% in. bore by 6% in. stroke. 

The weight of this engine, complete with propeller hub, 
carburetor, ignition distributor heads, ignition switch, 
generator, starting motor and starting switch, is 1,000 lbs. 

In spite of the fact that this is one of the largest air- 
craft engines designed to date, its compact arrangement 
makes a very neat streamline installation possible. 



THE STURTEVANT 



General Specifications 

The engine is of tlie eight-cylinder " V " tyjie, four- 
stroke cyele, water-cooled. It is made in two models, bk 

Model 'lA-lMi, 210 h.p., has a bore of 4^ in. and a 
Jttrokf of .->Vi ill., equivalent to 114 mm. x 140 mm. The 
normal o)>erBting crankshaft sjieed is iSHO r.]>.m. The 
propeller shaft, driven through reduction gears with a 
ratio of :>;,S. operates at 1,.S50 r.p.m. 

Model 5A, ItO h.p., has a cylinder bore of i in. and a 
stroke of .'A^ in., equivalent to 102 mm. x 140 mm. The 
normal erinkshaft speed is 2,()0() r.p.m.; that of the 
propeller l.SiOO r.p.m. 

The larger engine is designed for maximum power at 
high altitudes and is equipped with devices for this pur- 
pose. It is essentially an engine for the high-speed ex- 
press type of aeroplane. 

Tiie .smaller engine is articularly fitted for use in the 
training type of aeroplane and is designed with view to 
maximum reliability and durability. 

The engines are similar in all major features of design 
and construction. Illustrations and descriptions of parts 
which follow apply to both models. 

Table of Specifications 

Model 5 A 

Bore 4 in. (102 mm.) 

Stroke 5.5 in, (140 mm.) 



Displacement 5. 

Number of cylinders 

Arrangement of cylinders 

Cooling, 

Water circulation bv centrifugal pump 

Cycle ' 

Ignition. 

Two 8-cylinder high-tension magnetos 
Carburetor, 

Zenith. Water jacketed manifolds 
Oiling system. 

Dry sump, complete fo 

Normal engine sjieed 2,11 

Propeller speed !,■£ 

Rated horsejtower 

^laximum horsepower 

Weight with alt accessories but without oil or wal 
5(K) lbs. (:: 

Weight of water in engine .-i.f lbs. { 

Weight per b.h.p. dry 2.95 lbs. (1. 

Fuel consumption 55 lbs. j)er h. 

Oil consumption 6 lb 

MooEL 5 A-4',{' 

Bore 4.5 in. ( 

Stroke .1.5 in. ( 

Ui.splacement 70 

Number of cylinders 

Arrangement of cylinders ! 




Fig. 1. Sturtei-ant .Model 



,howing water jucketed iulet manifold 



TEXTBOOK OF AERO ENGINES 




Fig. 3. Sturtevant with Christensen air starter 

Coaling. Water circulation by centrifugal pump 

Cycle i-stroke 

Ignition, Two 8-cylindcr higli- tens ion mngnetos 

Magnetos Two 8-oylinder liigh-tension 

Carburetors, Zenith. Water jacketed manifolds 
Oiling system. Dry sump, complete forced feed 

Normal engine speed 2,250 r.p.m. 

Pro(ieller speed 1,350 r.p.m. 

Rated horsepower 210 

Maximum horsepower 240 

Weight with all accessories but without oil or water 

■1.80 lbs. (218 kilos) 

Weight of water in engine 28 lbs. (12.7 kilos) 

Weight per b.h.p. dry 2 lbs. (.91 kilos) 

Fuel consumption 55 lbs. per h.p, per hr. 

Oil consumption 8 lbs. per hr. 

Cylinders 

Cylinders are oast in pairs from an aluminum alloy and 
are provided with steel sleeves. A perfect contact is 
secured between cylinder and sleeve ; nevertheless a sleeve 
can be rejdaced without injury to the cylinder proper. A 
molded copper asbestos gasket is placed between the 




cylinder and the head, permitting the cooling water lo 
circulate freely and at the same time insuring a tight jdnt. 

Cylinder Heads 

Cylinder heads are cast in pairs from an aluminum 
alloy and contain ample water passages for circula'.ion 
of cooling water over the entire head. The cylindrr 
heads and cylinders arc clamped to the base by means of 
six long bolts. 

Valves 

Valves located in the cylinder heads are mechanicaU.T 
operated. The valves are constructed of hardened tung- 
sten steel, the heads and stems being made of one piecc- 
Thc valve rocker arms located on the top of the cylinder 
arc provided with adjusting screws. A check nal 
enables the adjusting screw to be securely locked in posi- 
tion, once the correct clearance has been determined. 
The rocker arm bearings are adei^ately lubricated by aa 
oil wick and reservoir. Cam rollers are interposed bc- 




Fig. i. The Sturtevont Alodel SA-4i/,, 2\0 H.P. L-nf;lnc, showing magneto accesslbiUfy 
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he cams and the push rods in order to reduce side 
>n the push rods. 

Valve Springs 

) springs are made of the finest alloy steel, and 
^d to an elaborate heat treatment. 

Pistons 

ns made of special aluminum alloy are deeply 
in the head for cooling and strength, and pro- 
ith two piston rings. These pistons are of ex- 
y light weight in order to minimize vibration and 

wear on the bearings. The piston pin is of 
d chrome nickel steel, bored hollow. It is 

to turn, both in piston and connecting rod. 

Connecting Rods 

ecting rods are of *' H " section machined all 
om forgings of a special air-hardening chrome 
iteel. Big ends are lined with white metal and 
11 ends are bushed with phosphor bronze. Con- 
rods are all alike and take their bearings side by 
the crankpin, the cylinder being offset to permit 
irrangement. 

Crankshaft 

crankshaft is machined from chrome nickel steel 
ated. The shaft is 2% in. (57 mm.) in diameter, 
lollow throughout. It is carried in three large 
racked, white metal bearings. 

Base 

3ase is cast from an aluminum alloy. The sides 
considerably below the center line of the crank- 
providing an extremely deep section. At all 
stressed points, deep ribs are provided to dis- 
:he load evenly and eliminate bending. 

Sump 

ower half of the base is of cast aluminum alloy, 
•ts the lubricating oil and acts as a small reservoir 
i. An oil filtering screen of large area covers the 
urface of the sump. A small pad is provided at 
on which is mounted the double-gear oil pump. 

Propeller Shaft 

propeller shaft is carried on two large annular 
rings and driven from the crankshaft by hardened 
nickel steel spur gears. These gears are <;on- 
eithin an oil-tight casing integral with the base 
pposite end from the timing gears. A ball thrust 
is provided on the propeller shaft to take the 
f a propeller or tractor, as the case may be. 

Camshaft 

amshaft is contained within the upper half of the 
ween the two groups of cylinders and supported 
uminum bearings. It is bored hollow throughout, 
•e formed integral with the shaft and ground to 
per shape and finish. The gears operating the 
t, magneto, oil and water pumps are contained 
n oil-tight casing and operate in a bath of oil. 



Lubrication 

Lubrication is of the complete forced circulating sys- 
tem, the oil being supplied to every bearing under high 
pressure by a rotary pump of large capacity. This is 
operated by gears from the crankshaft. The oil passages 
from the pump to the main bearings are cast integral with 
the base, the hollow crankshaft forming a passage to the 
connecting-rod bearings and the hollow camshaft dis- 
tributing oil to the camshaft bearings. The entire sur- 
face of the lower half of the base is covered with a fine 
mesh screen through which the oil passes before it is 
recirculated. A scavenging pump draws oil from the 
sump as rapidly as it accumulates and delivers it to an 
outside reservoir which may be of any desired capacity. 

Carburetor 

A Zenith duplex type carburetor is used. It is of a 
double-barrel design with one float chamber and two jets, 
each supplying one group of four cylinders. It is located 
on the rear end of the engine beneath the level of the 
base, permitting of gravity fuel feed, and connected to 
the cylinders by means of special, water-jacketed 
aluminum manifolds, the water jackets being cast integral. 

An overhead type of carburetor installation can be 
supplied. In this case two single-barrel carburetors are 
used, one for each bank of cylinders. They are located 
in an accessible position between the cylinder blocks, are 
attached directly to water-jacketed intake manifolds, and 
have inter-connected throttles. 

Carburetor Altitude Compensator 

The Sturtevant Automatic Altitude Compensating de- 
vice for the carburetor is another important feature. The 
function of the compensator is to regulate the amount of 
fuel entering the cylinders in accordance with the density 
of the atmosphere. 

Ignition 

Ignition is accomplished by two eight-cylinder water- 
proof magnetos placed face to face between the two groups 
of cylinders. Each cylinder is provided with double 
ignition by means of two spark plugs located in water- 
cooled bosses on the sides of the cylinder-heads. 

Cooling 

The water circulation is accomplished by a centrifugal 
pump which delivers a large quantity of water through 
the cylinder jackets and maintains a uniform temperature 
around all parts of the cylinders. The water pump has 
been so designed as to permit easy adjustment of the 
packing gland. 

Thermostat 

The Sturtevant Thermostat is arranged to control 
the temperature of the cooling water. It is mounted as 
an integral part of the engine. 

Tachometer 

A tachometer is supplied either with or without a posi- 
tive revolution counter for checking purposes. 

Self Starter 

The engine has been arranged to permit of the appli- 
cation of an efficient air starter if desired. Anv other 
suitable starter may be applied. 



THE 135 H.P. UNION 



The 1^5 h.p. Union sircraft eiiftine is tlic product nf 
tho Union Gas F.nKJnt' Co., of Oakland, Cal. It is of tlir 
vertical 6-cyl. water -coo ltd tjne, with valves in the head, 
and develops its rated horKe|)ow'er at 1,100 r.p.m. Tlic 
weifjht of the engini'. complete with two carburetors, two 
magnetos, pump.s and wnter pipinfc, is iBS lb., which fiivcs 
II weight of .'i.88 Ih. |>cr horsepower. During a 48-hoors 
endurance test, data on which are given herewith in 
tabulated form, this engine consumed an average of 
0.;5.')8 111. of gasoline and 11.01 at lb. of oil per 
b.h.i>„ l>r. 

This low fuel and oil eon.sum)ition as welt as the great 
simplicity of design and all round .sturdincss of the Union 
engine make of it a particularly desiritble power plant 
for airships, where the question of inassic weight is one 
of minor importance provided it insures reliability and 
dispenses with adjustments for long runs at a stretch. 
As the full spied, that is. the minimum endurnnee of 
these airships is 1-2 hr, and their operations often carry 
them far out to sea, the need for a power plant of the 
greatest reliability is obvious. 

The ])rincipa) features of the Union airrraft engine are 
the Following: 



Cylinders 

Tile cylinders are of steel, with semi-steel head k 
valves and spark plugs, and the base flange integral wA 
walls of cylinder. In test, these cylinders when lield bi 
base flange only, withstood a hydraulic test of over l.^im 
lb. jier sq., in., or a total pressure on the head and Iuk 
flange of over ten tons. 

The cylinder water-jackets are of copper, with brawd 
joints. Upward thrust of cylinders is t«ken by chroiM- 
nickel studs extending from main journal caps to cylinifcr 



inges. 



Valves 



The valves an; of E, \V. P. alloy. The atem guide ii 
long, and water-cooled for its entire length. Vslit 
springs arc double, concentric, and of the helical type, 
right and left-hand. 

Rocker Arms 

The rocker arms are machined from solid di 
nickel steel forgings, and heat-treated. Bearing! at 
'^i in. diameter and ^iMi in. long. Shape of anm is nek 
that oil leakage is prevented without the use of pBCkin|[. 
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Anti-pro|icllcr end 



pistor 



Pistons 

of Lynnttf all 



;ngUi is fi in.; tlie piston jiin bearing is iVi in. x 2>i 



■e wear of valve stem end, caused by point oon- 
idjusting screw, is eliminated by having line con- 
place of jKjint ; lengtli of contact between rocker 
. valve stem being % in. Valve clearance is ob- 
)y use of small cap with thin discs on end of 
I'ap is lield by cotter so lliat adjustment is positive. 

Camshaft Housing 

ramsh.'ift bousing is split horizontally along tbe 
ine of tbe camshafl, permitting easy removal of 
To prevent flooding of camshaft housing wben 
r, a drain from eacb end of housing leads down to 
inkcasc sump. 

Camshaft Gears 

alve gears are of Midvale chrome-nickel steel, 
ated, and operate in oil bath. 



tion to the seven main bearings, tiiere is a bearing just 
outside of the thrust. Sliaft is made of Midvale chrome 
nickel steel, heat treated. 

Thrust Bearing 

The airscrew thrust is taken by a two-way, self-aligning 
SKF bearing. 

Crankcase 

Tbe crankcase is of aluminum alloy, and in addition 
to tiiorough cross- webbing, the side walls are of bellow 
box section. The stiffness of this construction is so great 
that tbe entire airscrew torque can be taken through the 
length of the case without any signs of twisting or vibra- 
tion, the case during this test being held from rotating at 
the end opposite to tbe airscrew end only. 



Lubrication 

Oil is taken from tbe crankcase by a gear pump, de- 
livered to a combined oil tank and cooler (located where 
convenient), from which it flows back to a second gear 
pump which sends it under a pressure of 10 to 90 lb. to 
the crankshaft journals, through tbe shaft to tbe lower 
rod bearings and up into the piston pin. The holes in 
tbe piston for tbe piston pin being scaled, the oil must 
pass between tbe outer surface of the pin and its bearing, 
whence it is carried to the cylinder walls. The camshaft, 
camshaft bearings, cams, rocker arms and valve gears are 
lubricated by oil by-passed from the oil pressure 
regulator. This insured force-feed lubrication to all 
moving parts, even witli no oil in the crankcase. 

Ignition 

Current is furnished by two entirely independent mag- 
netos of either Berling or Dixie make. Each cylinder is 
fitted with two plugs, each plug being in close contact 
with a water-cooled wall for its entire circumference. 

Magneto Drive 

The magnetos are driven througli combined driving 
gear and floating coupling in such a way that tjiere is 
absolutely no end or radial thrust transmitted to the 
magneto bearings or armature shaft. Removing four 
magneto holding-down screws allows the magneto to be 
readily withdrawn. 

Pump Drive 

The centrifugal water pump is driven in a manner 
identical to that used for the magnetos, the driving gears 
and couplings being interchangeable. The pump may 
be removed by withdrawing its two holding-down bolt». 



Intake Manifold 



Connecting Rods 

connecting rods are I-beam 6< 
nickel steel, heat treated. 



The intake manifold is of copper, all joints and flanges 
being brazed. Flanges are of steel, held to cylinder ports 
ction, of Midvale by four bolts and nuts each. Tbe vertical section above 
carburetors is water- jacketed. 



Crankshaft 

tshaft journals are ■iVi in. diameter by 2!^ in. long; 
ins are 2''j in. diameter by 3 in. long. In addi- 



C rank case Breathers 
A small breather is located opposite eacb crank brass 
I such a way that cold air entering ease strikes eacb 
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crank brass, thus having a decided cooling effect. Cir- 
culation through these breathers is maintained by a small 
part of the carburetor air being drawn through the crank- 
case. 

Airscrew Flange 

The airscrew flange may be drawn off of taper by 
means of special threaded collar between flange and thrust 
bearing. 

Valve Timing 

The valves may be quickly timed by means of indi- 
cating marks located on flange between thrust bearing 
and propeller. 

Bolts and Nuts 

S. A. E. Standard bolt and nut dimensions are used 
throughout excepting where extra long threads are neces- 
sary as on bearing cap and crank brass nuts. Castellated 
nuts and cotters are used in place of lock washers. 



Bolts not so locked are drilled in the head and las 
means of wire. 

Wiring 

High tension tested cables from magnetos to pi 
run in two separate metal conduits, thus pre 
trouble from induced currents. 

Magneto Advance 

Magneto breaker boxes are interconnected in 
way that a single rod from the cockpit advances 
tards both magnetos simultaneously. Adjustment 
vided to permit synchronous timing of two magn 

Carburetor Safety Device 

That part of air not taken from crankcase con 
one of the outer compartments of crankcase doul 
Drains are provided to prevent accumulation of 1 



CHAPTER II 
BRITISH TYPES 

THE A. B. C. 



The Gnat (Mark 2) engine is of the two-cylinder, 
horisontally opposed type of i% in. bore by 5Vi in. stroke. 
Operating at the normal speed of 1,800 r.p.m., an output 
of 45 h.p. is obtained, 50 h.p. being possible at the 
maximum speed of 2,0U0 r.p.m. Running at its normal 
speed, the engine consumes 0.56 pints of petrol per 




b.h.p. per hour, and 0.037 pints of oil per b.h.p. per 
hour — a very satisfactory performance for an air-cooled 
engine. The weight of this engine, complete, is 115 lbs., 
corresponding to a specific weight of 2.3 lbs. per b.h.p. 

The Wasp (Mark 2) engine is of the seven-cylinder 
fixed radial type of tK in. bore by BV* in. stroke, develop- 
ing a normal output of 200 h.p. at 1,800 r.p.m. Two 
carburetors are fitted, feeding into a circular induction 
manifold from wliich separate radial pipes lead to each 
cylinder. The weight of this engine is 320 lbs., giving 



1-6 lb. 



b.h., 



The A.B.C. Dragon Fly (^^ark Al) is also of the fixed 
radial air-cooled type, but of nine cylinders, each s!^ in. 
in bore by 6^ in. stroke, and normally developing 340 
b.h.p., at 1,650 r.p.m. The weight of this model is 600 
lbs., corresponding to opproximately 1% lb, b.h.p. The 
fuel consumption of both the Dragon Fly and the Wasp 
are substantially the same for the Gnat, given above. 

Each cylinder carries three valves in the head — two 
small valves for the exhaust, one large for the inlet — the 
exhaust valves communicating directly with the open air, 
no arrangements for exhaust manifolds being provided. 
Lubrication in the Wasp and the Dragon Fly is by forced 
feed through the hollow crankshaft to the crankpin, and 
thence by combined centrifugal force and splash. Cir- 
culation of the oil is maintained by a special type of rotary 
plunger pump, two pumps being used in the two larger 
models and one pump in tlie Gnat (in this model lubri~ 
cation is by splash throughout). 




Fig. -2. 170 H.P. "Wasp !" 



Fig, 3. Front view of 350 H.P. " Dragon Fly " 



THE lOT M.P. BEARDMORE 



General Description 




Approxiuiate weight of engine 
(ineliidiug radiator 


This engint- is of tin- sl^itioiu.ry wat.r-<oi>k-d vtrtica] 




and eooling water. = 6.'»l lbs. or 5.25 lbs. 


typtf with 6 fylinders.. i;i(l mm. l>y !?.'> mm., ratvd at 




j»er rated h.p. 


1'2C) h.p. but capable of developing some l.'tll h.p. at 




Crankshaft 


1,;J(KI r.p.m. It is fitted with a douMe thrust bull raee 






whieh inables it to l>e used either as a jiiisher or as ;i 




The crankshaft is made of chrome nickel steel.' It 


traetor. Its ehief points of difference from other sta- 


h 


How and lias six tlirows arranged in pairs at l-.'i 


tionary engines are: — 


N 


umbering from the i>ro])e1ler end. erniiks 1 and 6 fo 



(1) The cylinders are off-set. 
(^) The inlet and exhaust valves in es 
are operated by one tap|»et rod. 
(:t) The iiropelU-r is direet driven. 



;li eyiiiider 



The direction of rotation is anti-clockwi.se as seen from 
the projieller end of the engine. Tlie angle through 
whieh the crankshaft tnrns between any two consecutive 
explo.sions is ■:!()''. 



Approximate 



lil eor 






= ,s'.^ pints per hour. 
= !)''i gJiUons 



one ])air. 'Z and 5 a second pair, and 3 and i a third (lair. 
X'iewed from tiie propeller end, erank.s 1 and 6 are down- 
wards to the left, when cranks 2 and 5 are vertical, and 
erank.s 3 and i are downwards to the right. The erniik- 
shaft runs on seven white metal heariiij^M, one at eitiwr 
side of each crank throw, and one radial ball bearing in 
the thrust box at the proiKller end of the shaft. At tk 
end of the crankshaft, opposite to the propeller end. aru 
tJiree gear wjieels; A spur wheel with twenty-four teetli 
for driving the camshaft. A large level wheel for driving 
the oil and water |)umps, and a small bevel wheel far 
driving th^ magnetos. 

' .Su|ierseiii'(l by BcHrilniorc special steel. 





s 




^B^^B^m^^ . 1 B^s 
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Camshaft 

The camsliaft runs in four phosplior bronze bushes at 
(he side of the crankcase, and is driven from the crank- 
shaft at half the engine speed. The drive Is through an 
intermediate or idle wheel, so that the camshaft rotates 
in the same direction as the crankshaft. The six inlet 
and six exhaust cams are arranged in pairs, each pair 
operating the valves of one cylinder through the medium 
of one bell crank lever and one tappet rod. 

Crankcase 
The crankcase is of aluminum alloy and is divided 
horizontally along the line of the crankshaft. The bottom 
of the lower half, which forma the oil sump, is divided 
into six chambers, each of which is fitted with a drain 
plug for the removal of oil. At the propeller end is the 
lower half of the thrust box and one end white metal 
bearing. At the other end is the lower half of the gear 
wheel housing and the other end white metal bearing 
together with two magneto platforms. Cooling tins, 
which also act as strengthening ribs, are cast on the out- 
side of the Hump. The top half of the crankcase has six 
circular openings for the six cylinders, five webs or par- 
titions for supporting the five white metal bearings be- 
tween the cranks, and four projecting lugs or feet on 
either side for supporting the engine in the aeroplane. 
At the propeller end, are the top halves of the thrust box 



and one end white metal bearing. At the other end, is the 
top half of the seventh white metal bearing. The open- 
ings for the cylinders are not on the center line of the 
crankcase, but are olf-set 18 mm. in the direction of 
rotation. This arrangement reduces the obliquity of the 
connecting rods during the power strokes and results in 
increased mechanical efficiency. On the carburetor side 
of the crankcase are three brass breather pipes fitted with 
wire gauze strainers. The primary object of the 
breathers is to maintain atmospheric pressure in the 
crankcase. They are also used for pouring oil into the 
crankcase. 

Cylinders 
The cylinders are of cast iron with elect rolytically 
deposited copper water jackets. A flanged steel base is 
screwed and sweated to each cylinder, and the cylinder is 
held in position on the crankcase by three screwed studs 
and nuts and four crankcase bolts which engage with this 
flange. All the bolts, with the exception of those at the 
ends of the engine, pass through the crankcase webs and 
serve as holding down bolts for the bearing caps. The 
remaining four bolts pass right through the sump. The 
cylinders are numbered 1 to 6 consecutively, starting at 
the propeller end. The order of tiring is I, 5, 3, G, '2, 1. 



The piston; 



Pistons 

mild steel with slightly 




The 231) H.P. Beardmore 
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heads, and each carries three cast iron rings fitted in 
grooves close to the piston head. The pistons are at- 
tached to the connecting rods by hollow steel gudgeon 
pins. One end of the gudgeon pin is parallel, and the 
other end is a taper fitted in the gudgeon pin boss. A 
dowel at the parallel end engages a notch in the piston 
and prevents the gudgeon pin from turning. A grub 
screw, in the joint between the tapered end and the boss, 
locks the pin in position. 

Piston clearance = 0.89 mm. to 0.74 mm. at top. 

0. 1'S mm. to U.36 mm. at bottom. 
Piston ring gap ^0.17 mm. to 0.23 mm. 

Connecting Rods 

The connecting rods are of chrome nickel steel, " H " 
section, bronze bushed at the small end, and lined with 
white metal at the big end. The big end cap, or lower 
half bearing is removable, and is secured to the connecting 
rod by four steel bolts. It has a small lip or scoop on its 
underside which picks up oil from the sump and conveys 
it to the crank pin. The upper half has a small hole at 
each side of the connecting rod which conveys oil splashed 
from the sump to the crank pin. Two larger openings at 
the sides of the big end expose the crank pin to splashed 
oil. 

Valves 

The inlet and exhaust valves in each cylinder are 
mechanically operated by means of a hollow steel tappet 



rod and an overhead rocker arm which is mounted on t 
fulcrum post or bracket at the head of the cylinder. Ttt 
exhaust valve seating and guide are cast integral with lU 
cylinder, and this part is efficiently water jacketed. Thf 
inlet valve seating and guide is removable. It is of cast 
iron and is held In position by a phosphor bronxe riu; 
which screws into the cylinder head and engages with i 
flange on the seating. The inlet valve is operated by tht 
inlet cam pushing down the lower arm of the bell crank 
lever. This lever pulls down the tappet rod which At- 
presses the inlet end of the rocker arm and opens the 
inlet valve. The exhaust cam raises the upper arm at 
the bell crank lever which pushes the tappet rod and 
raises the inlet end of the rocker arm so that the exhiiut 
end is lowered and the exhaust valve opened. Both 
valves are returned to their aeatings by one laminatd 
spring which is fixed at its center on the fulcrum post ind 
has each of its ends passing under a cross pin in one of 
the valve stems. The total clearance between the valve 
rocker arm and the valve stems should be as follows: 

Engine cold, inlet exhaust ^ 0.7 mm. 

Cycle of Operations 

In the case of any cylinder, for example No. 1, starting 
with the piston at the top of its stroke (T.D.C.) and the 
exhaust valve just closing, the suction stroke is com- 
menced as the exhaust valve closes, and the piston trareb 
downward, creating a slight vacuum in the cylinder, unlil 
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it has moved through 8 to 10 mm. when the inlet valve 
opens. The piston, continuing its downward motion, 
draws the explosive mixture into the cylinder, reaches the 
bottom of the stroke (B.D.C.) and moves up through 10 
to 12 mm. of the return stroke before the inlet valve 
closes and compression commences. When the piston is 
12 to 15 mm. from the top of the compression stroke, i.e., 
12 to 15 mm. before T.D.C., ignition takes place, and 
the stroke is completed while the flame is spreading 
through the mixture. During the succeeding power 
stroke, the piston is driven downward by the force of 
the explosion, and the exhaust valve opens when the 
piston has reached a point 18 to 20 mm. before the end 
of the stroke, i.e., 18 to 20 before B.D.C. The exhaust 
valve remains open during the whole of the return stroke, 
i.e., until the cycle has been completed. 

8 to 10 mm. past T.D.C. 
Admission of explosive mixture -< to 

[lO to 12 mm. past B.D.C. 



Compression (Ignition 12 to ( to 

15 before T.D.C.) (T.D.C. 

.... 1 *^ 
(18 to 20 mm. before B.D.C. 

\ to 
(T.D.C. 



Power . 
Exhaust 



Carburetion 



There are two carburetors of the Beardmore type, each 
supplying three adjacent cylinders through a copper three 
way manifold pipe. The Beardmore carburetor is of the 
float type, constructed in two main parts, the float chamber 
and the throttle housing or mixing chamber, both of 
aluminum alloy. The throttle housing is mounted on the 
top of the float chamber .immediately above the jet and 
choke tube. It surrounds the throttle barrel which is 
cylindrical in shape and moves about a horizontal axis. 
The housing is water jacketed and has openings com- 
municating with the choke tube, jet and main air intake, 
the extra air intake, and the induction manifold. 

The eff*ective area of these openings is determined by 
the position of the throttle barrel which has three specially 
shaped openings corresponding to those in the housing. 
The jet and choke tube are surrounded by the float cham- 
ber in which is an annular shaped copper float The 
needle valve at the side of the float chamber is actuated by 
a spur shaped lever, the arms of which rest on a small 
rim at the top of tlie float. Gasoline is fed to the needle 
valve through a small filter at the base of the carburetor. 
The arrangement of the jet at the center of the float 
chamber insures that the gasoline level at the jet orifice 
is maintained constant when the carburetor is tilted 
through an angle. 



Lubrication 

This is by pressure and splash. The pump delivers oil 
through six leads, two of which supply the cylinders and 
four the bearings. Each of ti«e cylinder leads has three 
branches terminating in non-return valves mounted at the 
sides of the cylinders below the water jackets. Each 
piston has two small grooves, the function of which is to 
spread the oil over the hollow gudgeon pin from whence 
it passes through a small hole to the connecting rod small 
end bearing. Each of the remaining four leads has two 
branches and supplies oil to two of the eight main bear- 
ings.^ The camshaft bearings, cams, bell crank levers, 
etc., and the connecting rod jib ends are lubricated by 
splash from the sump. This should contain four pints of 
good mineral oil, \^hich must be drained off and replaced 
by fresh oil after 12 hours' running. The water circulat- 
ing pump and the valve rocker arms are fitted with grease 
caps which must be screwed down at intervals and refilled 
when necessary. The other external working parts are 
oiled by hand. 

Oil Pump 

The engine is fitted with the Bosch lubricator, which 
consists of six separate oil pumps driven from a central 
vertical spindle and mounted in an aluminum casing that 
communicates with the oil tank and is normally full of oil. 
The pumps are arranged around the central spindle upon 
which are mounted two . inclined discs or cams. The 
larger cam works the six pump plungers, and the smaller 
the six valves. The lift of the plungers is adjustable so 
that the amount of oil supplied to the different leads may 
be controlled.^ The pump is driven by a vertical spindle, 
which passes through the pump casing and also drives the 
engine speed indicator. At the bottom of this spindle is a 
bevel wheel meshing with the large bevel wheel on the 
crankshaft, and inside the casing it carries a small bevel 
wheel which drives the pump cams through a short hori- 
zontal countershaft. The countershaft carries a worm 
which engages with a worm wheel on the vertical cam 
spindle. The whole of the pump mechanism is supported 
by suitable brackets and pillars from the pump casing 
cover, and can be removed with the cover, after the six 
oil pipe unions and the speed indicator drive have been 
disconnected. The pumps should be removed from the 
casing and cleaned out after about 100 hours running. 
The pump casing is fitted with a glass oil gauge of the 
usual type. 

1 Five crankshaft journal bearings, front crankshaft bearing, 
rear crankshaft bearing and thrust box. 

2 The adjustment recommended for the two pumps that sup- 
ply the cylinders is full oil less one turn of the adjusting screws, 
and for the other four pumps full oil less two and one-half 
turns of the adjusting screws. 



THE cosmos 



The " Mercury " 

The "Mercury"" was designed in 1917 and perfected 
in the early pari of 1918. This engine was produced to 
conform to the special requirements of the Government, 
i.e., it was designed within the limits of 12 in. maximum 
diameter, its overall dimensions being H% in. The 
"Mercury'" is a I t-eylindered radial engine, with its 
cylinders in two rows of seven each, the cylinders of the 
back now being placed opposite the spaces between the 
cylinders of the front row. 

The main features of the engine are as follows: Bore 
and stroke 4% in. by 5'¥ie in. Normal power (calibrated 
on Froude dynamometer) 315 b.h.p, at 1,800 r.p.m. 
Maximum b.h.p. 317 at 2,000 r.p.m. Total weight witJi 
full equipment, including carburetors, magnetos, Remy 
distributor and coil, and Constantinesco gun gear — .IS" 
lbs. (Thi.s weight does not include exhaust pipes, as 
these are specially designed to suit the machine into which 
the engine is being titted.) 

The cylinders are of steel, machined from the solid, 
with fins formed integral with the cylinder barrel. TJie 
cylinder head is a separate aluminum casting carrying tlie 
valves and valve rockers and, owing to the heat con- 
ductivity of this separate cylinder head, the cooling is 
more effective, while the liability to distortion is claimed 
to be reduced to a minimum. There are three valves per 
cylinder, two exhaust and one inlet. The valves are 
operated via push rods located at the rear of the cylinders, 
by a double cam ring at the back of the engine. The 
crankshaft is of the two-throw type, and runs on roller 
bearings. As the drive is direct, the propeller shaft is 
integral with the crankshaft. The connecting-rods arc of 
special design to accommodate the roller bearings. It 



ankpins and crank- 
e case-hardened and 



might be mentioned that both the 
shaft and also the connecting-rods 
ground. 

The crankcase is a one-piece casting, the holes for the 
cylinders being arranged in a slight spiral to accommodate 
the grouping of the connecting-rods. The back of (lie 
crankcase is provided with a rigid circular flange of luTft 
diameter through which pass the bolts attaching the engine 
to the fuselatje. This simple form of support has been 
found quite .satisfactory in practice. Between this cir- 
cular flange and the back cover of the crankca.se are the 
two circular induction chambers through which the two- 
cylinder groups are supplied with gas from two car- 
buretors. 

Dual ignition i.s provided, by two M.L. 7 cyl. magnetos 
in conjunction with the It' cyl. Remy distributor and coil. 

Lubrication is on the dry sump principle, there being 
two spur-gear pumps, one of which is a deliverv pump 
sucking oil from the tank and delivering it, under pressure. 
of course, to the hollow crankshaft and other bearings, 
separate lead.s going to the auxiliary drives. Another 
pump sucks the oil from the crankcase and delivers it back 
to the main supply. There are two filters in the oil 

The Cosmos "Jupiter" Engine 

Although differing in many details from the " Mer- 
cury,"' the " Jupiter " engine has many features in common 
with its prototype. It is, however, a nine cj-lindercd sin- 
gle-row engine. It will be marketed in two types, series 
1 being of the direct-drive type, while in the series i type 
there is an epicyclic reduction gear giving 1,300 r.p.m. to 
the propeller shaft. The direct-drive engine has the 
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following main features: Bore and stroke 5% in. x iVi in. 
Normal power +50 b.li.p. at 1,800 r.p.m. Total weight 
including carburetors, magnetos, electric starter, Con- 
Ht.intine^ico gun gear, and all accessories, fl62 lbs. The 
scries 2 engine is rated at 500 h.p. 

Except for the dilTerenee in dimensions the cylinders of 
the " Jupiter " are, generally speaking, similar to those of 
the ■' Mercury," having the same separate aluminum head, 
u-liicli has again been successful in avoiding distortion and 
maintaining a high B..M.E.F.; about 118 lbs., we believe. 
There are four valves in each cylinder, two inlets and 
two exhausts. 

The crankshaft, needless to say, is of the single-throw 
type and is a solid shaft made of Kl steel, running in 
roller bearings. The connecting-rod assembly diiTcra 
from that of the " Mercury " in that there is a master 
connecting-rod with eight articulated rods. The master 
rod has a white-metal lined bearing. 

The crankcase is a two-piece aluminum casting, split 
vertically, with long bolts passing right through the 
crankcase and holding the engine to the futelage. One of 
the must interesting features of the " Jupiter " engine is 



the induction system. There is an annular induction 
chamber, provided with a cover, machined on the inside, 
into whicii is fitted a spiral aluminum casting which 
forms the distribution system of the engine. The pitcli of 
this .spiral casting is such tiiat by bolting the three car- 
buretors on to the cover of the annular induction chamber 
one carburetor feeds three cylinders in proper rotation. 
This forms a special, patented feature of the " Jupiter " 
engine. The advantages claimed for it are that it en' 
sures an excellent distribution of the mixture, and at the 
same time obviates cutting-out of the engine in the event 
of one cylinder getting out of commission, as each of 
the three carburetors has an entirely separate induction 
system, isolated from the other two. 

i,ooo H.p. Hercules 

Very little information is available concerning this, the 
largest Cosmos model, and details of its performance are 
not yet to hand. This engine has been designed to ob- 
tain a high-powered engine of such low weight as will 
probably revolutionize the design of aircraft intended for 
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3 of very great duration. In its general construc- 
he Hercules resembles the other Cosmos models al- 
h there are eighteen cylinders arranged in two 
of nine; the bore being 6% in. and the stroke 6% in. 
basis of 1,000 h.p. at 1,750 r.p.m. and a complete 
t of 1,400 lb. a performance will be obtained cor- 
nding to the weight of 1.4 lb. per h.p. 

500 H.P. Jupiter 

e 500 h.p. model is of nine cylinders all of which 
rranged in the same plane and are 5% in. bore by 
. stroke. Construction of the cylinders is substan- 
the same as in the Mercury, except that four valves 
itted in each cylinder. The connecting-rods are 
ged according to the conventional master and auxil- 



iary system, the bearing surfaces being decidedly large in 
area. Attached to the crankcase is a large circular flange 
which not only is relied upon for attaching the engine to 
the fuselage, but also forms the induction manifold. Fit- 
ting in this induction manifold is an aluminum spiral so 
arranged as to render the supply of mixture from the three 
carburetors to each cylinder perfectly even and homo- 
geneous. This is a patented feature of the engine and un- 
doubtedly of considerable importance, the correct distribu- 
tion of the mixture to the several cylinders being always 
a matter of considerable difliculty in a multi-cylinder radial 
engine. 

The normal output of this engine is 450 b.h.p. at 1,800 
r.p.m.; the total weight being 662 lb., complete. This 
same engine is also supplied with epicyclic reduction gear 
to the propeller shaft. 



NAPIER "LION" 



The Xapier "Lion" Iins 12 eylindnrs arranged in 
three blocks of four cylinders, the angle between each 
block being 60°. The cylinder bore is .iK* in. and tiie 



Cylinders 

»re made from steel forgings and are 

The four cylinders in each block are 

nnkcase by stnd.s and nuts and to an 

asting which contains the inlet and 

and the valves and valve mechanism. 

fitted with steel water jackets and two 

re two inlet and two exhaust 

The valves are each fitted with 



The cylinders 
machined all ove 
secured to the c 
aluminum head 
exhaust passage,' 
The cylinders an 
ignition plugs. There 
valves in each cylinder, 
two cod springs and a special friction locked tappet head 
and are operated direct by two camshafts which are car- 
ried in gunmetal bearings mounted on the head casting of 
each block. The camshafts are driven through bevel 
gearing by vertical shafts from the crankshaft at the rear 
end of the engine. 

Crank case 

The crankcase is an aluminum casting and is carried 
in the fuselage by six arms, three on either side. The 
front end encloses the propeller drive reduction gear and 
shaft cover, airscrew shaft and bear- 



ing. The casting for the camshaft water and oil pumpN 
and magneto drives is bolted to the rear end of the crank- 
case. The roller and plain bearings nf the crankshaft are 
carried on the cross walls of the casting and are fitted 
with steel caps and studs. A large breather is mounted on 
tlie reduction gear casing. 

Oil Sump 

The oil sump of pressed aluminum, to which a stifTen- 
ing plate is riveted, is bolted to the bottom flange of the 
crankcase. The sides and ends slofie inwards and the 
bottom downwards from the middle towards the ends. 
Two steel suction pipes are fitted inside the sump, one 
leading to either end and connected to the suction oil 
pumps. The steel oil pipe carrying oil to the front end 
of the crankshaft also passes through inside the pump. 

Crankshaft 

The crankshaft is very rigid and is machined from a 
solid steel forging. It has four throws all in one plane. 
The crankpin and journals which are of large diameter 
are bored out and fitted with end plates held in position 
by bolts passing through the holes in the shaft. Holes 
are drilled in the webs connecting the pins and journals 
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to the ends of the shaft. The shaft is carried in five sub- 
stantial roller bearings and one plain hearing at the front 
end. The crankshaft reduction gear is fitted at the front 
end of the shaft and is carried on a taper and two keys 
and held in position by a nut. 

Airscrew Shaft 

The airscrew shaft, which rotates in a clockwise direc- 
tion, is carried on two roller bearings and is fitted witli 
a large double thrust ball bearing which permits of the en- 
gine being used on either pusher or tractor machines. The 
reduction gear wheel of spur tooth type, is bolted and 
spigotted on to a Hange solid with the shaft. The air- 
screw shaft and gear can be withdrawn from the crank- 
case complete with the cover. The reduction between the 
crank and airscrew shaft is 1.52 to I. Tlie propeller boss 
is made to Air Board Standard Xo. i. 

Pistons 

The pistons are of aluminum alloy with large diameter 
hollow gudgeon pins fitted into steel bushes cast integral 
with the piston. There are two gas and two scraper 
rings. 

Connecting Rods 

The connecting rods arc machined from high grade 
steel stampings. The big end of the master rod — which 
is coupled to the pistons on the vertical block of cylinders 
— is lined with white metal. There arc four lugs on the 
master rod, two on either side, for the two short auxiliarv 



rods. The gudgeon pin ends of all the rods and 
anchor pin ends of the auxiliary rods are bushed. P 
for carrying od to the gudgeon pins are fitted. -All 
working surfaces are pressure lubricated. 

Auxiliary Drives 

The magnetos, water and oil pumps are driven tliro 
bevels mounted on a short auxiliary shaft carried on 
rear end cover. The front end of the shaft engagr' 
slots on the crankshaft and is driven at crankshaft sp 

Water Pump 

The water pump is mounted vertically under the i 
end cover and runs at engine speed. The pump delr 
water through tlirce outlets to the rear end of the jai 
on cacli cylinder block. A white metal packed stui 
box and greaser is fitted. 

Oil Pumps 

There arc two suction and one pressure spur gear I 
oil pumps fitted at the rear end of the cover casting, 
suction pumps are connected to the ends of the oil si 
The pressure pump delivers oil from the supply tani 
botli ends of the crankshaft. All the pumps run at 
engine speed and arc driven through bevels and s] 
gears from the nuxihary shaft. The capacity of ei 
suction pump is greater than that of the pressure pi 
An oil filler is fitted between the pressure pump and 
supply tank. 




Flp. T. I>ttnil view of valve ^^ir, front ri^ht eylindcr. Fip. «. .Stitrtinp p-ar 
vdlvf cimtnii. Fijr. B, Tlie distriiiiition ):enr. Kitr. 10. Stiirtin); (tear con- 
trol iiioiintfi! cm iiikUlle cylinder priiup 
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Fip. 1. Induction hide of head-block. Fig. 3. Under side of iiead-l>liick. Fift. *. 
Crank.sliaft asscnililed with bearinps. Fijt. o. Big end lulirk'aliun detail. 
Fig. (i. Big end con'itruetion detnil 
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Sectional diagram Xapier " 1. 



Magnetos and Ignition 

The two special 12-cyUnder dual ignition magnetos {B. 
T. H. AVI2, L & S) are mounted on transverse plat- 
forms on llie rear end cover and are secured by set screws. 
The magnetos rotate a nti -clock wise and are driven at two- 
thirds engine speed through bevels from the auxiliary 
shaft. They are fitted with special rotors to facilitate 
starting up by hand; tlie advance and retard levers are 
interconnected through links and bell crank levers mounted 
on the rear end cover. The ignition cables are carried in 
tubes mounted on the crankcase. 

A tachometer drive is mounted nn the casting carrying 
the drive shaft for tlie vertical cylinders, rotates at one- 
quarter engine speed and is fitted with a standard Air 
lioard end connection. 

Tachometer 

One double (N. D.) r.nd one single (N. S.) carburetor 
is fitted on Die engine. The double carburetor is mounted 
on the I.. H. side and sui)plies the L. H. and vertical 
cylinder blocks. The single carburetor is mounted on 
and supplies the R. H. block. They are connected 
through water jacketed steel pipes to the induction mani- 
fold on the cylinder head castings. The carburetor bodies 
arc of aluminum in two halves and are water jacketed. 
Both carburetors are fitted with altitude control cocks 
which are interconnected througji levers to the tjirottle 
levers at tlie pilot's cockpit. The carburetor control 
shafts arc curried in brackets on the crankcase. Tlie car- 
buretors are stayed to the crankcase to prevent vibration. 



Under running conditions the pipes and cock fitted at tbr 
rear ends of the induction manifolds act as an eqnaliiio; 
system for the three cylinder blocks. 

Lubrication 

All the connecting rod big ends, gudgeon pins 
cranksliaft plain bearing are pressure lubricated. Brandi 
pipes from the pressure pump convey oil under presson 
to the camshafts and bearings. The oil escaping from tbc 
ends of the bearings lubricates the valve tappets and is 
drained away at the ends of the head casting into the sump 
and returned by the suction pumps to the supply tank. 
The reduction gears are lubricated by oil squirted on to 
the teeth through a pipe connected to the crankshaft oil 
system. An adjustable leak pressure relief valve and i 
pressure gauge connection are fitted in the pressure sts- 

Gas Starter 

Tlie engine is started by pumping an explosive ur 
petrol gas mixture into the cylinders; the mixture is then 
ignited l)y means of a hand starting magiteto operatiii| 
through the special rotors on the engine magnetos. Tbc 
gas starter comprises a hand operated air pump, petrol 
vaporizer, a distributing or equalising cock with pipts- 
and a system of levers mounted on the cylinder head cast- 
ings for opening the valves by liand. 

The engine, complete with propeller boss, carboretoni 
induction pipes, etc., wciglis 850 lb«. approximately. 

Horsepower iSO at 1,925 r.p.m. 



The Panhard Company ha\'e had in the last periods, ' 
a number of different types of aero engines of novel 
ronstruction and were amongst the very ttrst motor firms 
to make use of steel cylinders, they having produced 
some steet cylinder motors in 1!)03, which practice was 
followed up in 19<J8 by the development of four sizes of 
aviation motors, ateel cylinders, copper water-jacketed 
and employing a novel concentric valve construction. 
These motors were very well designed and built and 
were of very light weight. 

In 1912 they produced a couple of V-type eight-cylinder 
motors of conventional form, employing cast-iron cylinders 
[L-head arrangement). The engine here described is 
designated as (V-I2-J) and comprised of twelve cylin- 
ders, two rows of these set at an angle of sixty degrees 
from one another. 

The bore is IIS mm. or 1.52 in. and the stroke is 170 
mm. or 6 II/I6 in. The engine is operated either at 
1,350 r.p.m. at which speed it gives 240 h.p. or at 1,700 
r.p.m. at which speed it gives 340 h.p. 

The cylinders arc individual iron castings, with a single 
act of valves inclined at an angle of 30 degrees from one 
another and are operated by camshaft system, novel in 



form. The camshafts and excessory drives are by no 
means of bevelled and helical gear trains, as is now the 
accepted practice on aviation engines. 

The camshaft is of novel form, having seven main 
bearings of very large diameter and disc crank cheeks. A 
forked-type of connecting rod is used (of I-beam section). 
Lubrication is fully forced and the oil pump is mounted 
exterior to the crankcasc. 

The Panhard type carburetors, equipped with the 
Panhard Automatic Compensator, arc placed inside the 
(V) of the motor. Water circulation is insured by means 
of two centrifugal pumps, at right angles to the crank- 
shaft and driven by means of spiral gearing. When the 
air starting system is provided, air being distributed to 
automatic valves in each cylinder, by means of a disc 
distributor plate, mounted on the propeller end of the 
camshafts. 

The design of a motor in many particulars is uncon' 
ventional, as will be seen by close persual of the accom- 
panying drawings. 

(Figure 1) is a section through the engine at right 
angles to the crankshaft. 
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The Camshaft 

ishaft and rocker arm train are mounted in an 
1 housing wliicli is attached to each of the cylin- 
ders by means of four studs. The camshaft is drilled 
straight through 1.1 ram. or 19/.'i2 in. The outside 
diameter of the camshaft is 25 mm. or (1 in.) 

The root diameter of the cams is 35 mm. and the cam- 
shaft is 850 mm. or about SSl^ in. long and is carried in 
seven bearings. 

In plane with the camshaft and immediately above it. 
there is mounted a steel tube of 15 mm. outside diameter 
and 9 mm. inside diameter, whieh serves both as an oil 
f^illery for distributing oil to the camshaft bearings and 
also as a shaft on which the rocker arms are mounted, 
resulting in a very neat and compact valve operating gear. 
The oil leakage from the camshaft train is carried to the 
bevel far end of the shaft, through the bottom of the ease 
and drains back to the crank chamber, through the dis- 
tribution gearing. 

Cylinders and Valves 

The cylinders are of cast-iron, ll.'i mm. bore and are 
completely water-jacketed. Core plates are provided 
on the adjacent sides of the cylinders. The valve ports 
are r>6 mm. in diameter, 2.a in. The valves are 6t mm. 
or 2.4 in. 



. wide or .2+ i; 
drilled with i 



. and hate 



The cylinders are retained in the crankcase by meiiu 
of eight studs per cylinder. 

Pistons 

The pistons are cast of a) 
carry four cast-iron rings, 6 n 
six internal ribs. The skirt 
holes, for caring for excess oil. 

The wrist pin is unusually small, only 20 mm. in 
diameter or .78 in. and is mounted 40 mm. from tbt 
bottom of the piston. The piston head thickness is T nm. 
— .27 in. at the bottom of the cylinders; there is provided 
aluminum splash cups to prevent ovl;r-oiling of the 
cylinders. 

Connecting Rods 



The c 



The t 



nccting rods are 292 mm 
web and flange thick m 



Th< 



center to center — 
ss is 2^ mm. 



The Crankshaft 

ire 62 mm. — 2 7/J6 in. diameter and 



inkpins are I 
the main bearings, of which the 
4..') in diameter and 40 mm. or 1.5 in. long and the hole 
through the shaft is 100 mm. straight through. The crank 
cheeks are circular — 210 mm., 8.2 in. and are 10 mm. ot 
.39 in. thick and are provided with annular grooves for 
carrying oil from the main bearings to the crankpins. 

The Crankcase 

The crankcase is split horizontally, the lower crankshaft 
bearing seats being integral with the crank chamber and a 
steel oil pipe is east in this member for distributing oil to 
the seven main bearings and the crankpins. 

A very deep pressed aluminum oil reservoir is attsched 
to the bottom half of the base. It is provided with a 
eparating the two (2) portians of the 



iupported by means of two steel cross 
»pproxiraately .2 in. diameter and move- 

L the crankcase is prevented b; 

L the bosses, through which they 
r efficiency than is attained with a 



horizontal serei 
base. 

Tlie motor i 
tubes, 52 mm. < 
ment of these 
means of pinch bolts i 
attain a slightly 
normal motor. 

in Figure S is given a timing diagram of the motor. 
The inlet valves open five degrees. The cylinder arrange- 
ment on a base is unsymmetrical, owing to the .fact that 
the cylinders are offset 20 mm. or .78 in. This offsetting 
results in decreased guide pressure and* pensita in ten 
degrees overlap from the valves, after the top dead center 
and close .S5 degrees after the bottom dead cepter. 

A^'hen tested on the ground these motors gave S40 h.p. 
at 1,750 r.p.m. with a specific consumption of SOB grams 
per h.p. hour or .4.'>2 pounds per h.p. hour. 

At 6,.'>62 feet altitude with barometric pressore of AM 
mm. or ^3.7S in. the motor gave 272 b.p. at S.OOO foci 
altitude with barometric pressure of 562 mm. The HSlM 
gave 248 h.p. with a consumption of 244 grams. 

Tile power of the motor is absolutely proporUaultk^. 
the density of the air drawn in and it gave 800 T^.g. jilt 
1,420 turns on the ground. 



THE ROLLS-ROYCE 

Tyoe 12 cylinder vee water-cooled 

Bore V in. 

Witit an epieyclie reduction gear driving airscrew at the 
most efficient speed. 

Normal Power and Speed, and Fuel Consumption 

Normal b.Ii.p 380 

Normal engine speed Ii,^50 r.p.m. 

Normal airscrew speed with reduction gear of "His 

ratio 1,327 r.p.m. 

The maximum speed of the engine should not exceed. . 

2,500 r.p.m. 

Fuel consumption at normal power and speed, using a 



' FALCON." »8o H.P. 

mixture of 80% gasoline and 30% benzole 

J 8.5 gal. per hr. 

Weight 

Weight of engine, including airscrew, hub, carburetors, 
mngnetos, engine feet, etc., but excluding reduction 
gear, exhaust boxes, radiator, oil, fuel, and water 
630 lbs. 

Weight of engine as above, but including reduction 
gear of ''%s ratio 686 lbs. 

Ignition 

Tlie ignition is elfeoted by two six-cylinder magnetos, 
one firing each side of the engine, each cylinder being 
provided with one ignition plug. 
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"Falcon" engine (side view) carburetor end 
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Virtues of the 



: Cylinder Vee Engine 

ingle of 60= is the tvpe 



" Falcon " engine (deat) f runt view) 



Oil Consumption 

The oil consumption should be taken as .73 gallons per 

Water Cooling: System 

Tlie quantity of water carried in the cylinder water- 
jackets, water pipes, and pump is 2.3 gallons. 



THE ROLLS-ROYCE " EAQLE." 360 H.P. 

Type 12 cylinder vee water-cooled 

Bore 4.3 in. 

Stroke 6.3 in. 

With an epicyclic reduction gear driving the airscrew 
at the most efficient speed. 

Normal Power and Speed, and Fuel Consumption 

Normal h.li.p 360 

Normal engine speed 1,800 r.p.m. 

Normal airscrew speed, with reduction gear of .6 
ratio 1,080 r.p.m. 

The maximum speed of tlie engine should not ex- 
ceed 2,000 r.p.m. 

Fuel consumption at normal power and s|>eed, using a 

mixture of 80'/( gasoline and 20','; benzole 

24 gal. per hr. 

Weight 

Weight of engine, including airscrew, hub, carburetors, 
magnetos, engine feet, etc.. hut excluding reduction 
gear, exhaust boxes, radiator, oil, fuel, water, and 
starter battery 8.S6 lbs. 

Weight of engine as above, but including reduction 
gear of .6 ratio 900 lbs. 



The 12 cylinder vee, hai 
" par excellence " for higli-powcr aero-engines. It pos- 
sesses a superior mechanical bah 

turning moment not found in any other known arrnnp- 
mewt of cylinders at present in use. These factors, 
bined with the excellent power for weight ratio of thii 
type of engine, enables it to excel over all others in meet- 
ing contmercial requirements. 

Cylinders 

Tlie cylinders arc such an essentially important feati 
of the engine that there should be no doubt about the tt- 
liabilltv of the materials used in their construction. 

The Rolls-Royce cylinders are made entirely of wrouglit 
steel to a special patented design, the most reliable 
efficient construction yet known for light aero engines. 

Other Engine Parts 

The unmeasured attention which has been given to the 
other parts of the engine, such as pistons, connecting 
rods, crankshaft, etc., in respect to deseign, has resulted in 
great strength and reliability for the minimum weight 
and complication. 

All material used in the manufacture of these pieces 
is rigorously tested to see that it is of consistent quality 
and conforms to the requisite standards. 

Ignition 

The ignition is effected by four six-cylinder magnetM, 
two firing each side of the engine, each cylinder being 
provided with two ignition plugs. 

It is generally known that magneto ignitiiHi is to be 
preferred where economy in running coat is required, as it 
is capable of tiring those mixtures which are found to give 
the least fuel consumption. 
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ignition being In duplicate and independent of a 
or a single electric conductor is arranged to give 
stesl degree of relialwlity. 

Safety from Fire 

four carburetors are specially arranged so as to be 
arly free from risk of fire. No gasoline can ac- 
e anywhere internaiiy or externally In the engine, 
carburetors are arranged to drain away from the 
:o a point outside of the cowling in the best known 

Rolls-Royce Reduction Gear 

the epicycHe gear, as arranged on the Rolls-Royce 
lines, there is no pressure on the crankshaft benr- 
E to reaction of the drive, and an efficiency is ob- 
fhlch is far greater than can be got with any otjier 
gear, principally owing to the direction of motion 
ig reversed, and owing also to the gear only hav- 
»nvert part of the horse power. This arrangement 
ids a great many heavy stresses in the casing. 

Fuel, Fuel Feed and Connections 

specially recommended that the " Eagle " engine 
3n a mixture of 80'/ gasoline and 20'/r benzole. 
(ture gives slightly more power, and its character- 
nner of burning is specially suitable for an engine 



Fuel is fed to the carburetors through the medium of 
the usual float feed, which performs satisfactorily through 
a pressure range of ] to 1 lbs. per square inch, correspond- 
ingly, roughly, to a head variation of 3 to 12 ft. 

The fuel feed connections to the carburetors are joined 
together by a system of piping having flexible joints 
which connects them to one single point on the engine. 
A suitable nipple and nut is provided at this main con- 
nection, for fixing the gasoline pipe from the tank when 
completing the installation. 

Oil Consumption, Oil Feed System, and Connections 

The oil consumption should be taken as 1 gallon per 
hour. The quantity of oil carried in tlie engine is neg- 
ligible. The lubrication system of the " Eagle " Engine is 
of the type in which one oil pump supplies pressure oil 
to the main bearings, and other parts, while one scavenger 
pump evacuates the aceumuUtion of oil in the crankease 
to the oil tank, wliich should be provided in the installa- 
tion. EacJi oil pump is protected by a strainer, which 
can be easily detached and cleaned. Connections, for 
which suitable nuts and nipples are p^o^ided, should be 
made at two points on the engine from the oil tank. 

Water Cooling System 

The quantity of water carried in the cylinder water- 
jackets, water pipes, and pump is 3.1 gallons. 
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The water system is completed to three points, at which 
pipes or couplings joining to the radiator may be affixed. 
These consist of one inlet connection to the water pump, 
and two outlet connections, one from each group of six 
cylinders. 

High Altitudes 

The Rolls-Royce carburetors are fitted with a control 
so that the delivery of gasoline may be adjusted from the 
pilot's seat. This not only serves as a means of cor- 
recting the effects of decreasing atmospheric pressure 
with increasing altitude, but can also be used to obtain 
extremely economical running, and also to obtain a rich 
mixture for starting. Furthermore, the adjustable jet of 
the control serves as a very easy means of setting the 
carburetors for correct running on the bench. 

Control Gear for Carburetors and Magnetos 

All controls, e. g., throttle, altitude, and magneto, are 
brought to one common location on the engine, to facilitate 
connection to the plane. Only those control connections 
and levers which are fitted to the engine are supplied. If 
it is desired to operate the engine from a distance, control 
wire pulleys instead of levers may be supplied on the final 
in the event of a breakage of the control, are intended to 
engine connections. 

The carburetor throttles are fitted with springs, which, 
open the throttles to the full extent. 



Engine Feet 

The engine feet are designed for use with tubular 
bearers. One pair of feet should be located endways on 
the bearers, with suitable collars, while the other pair 
should be allowed to remain free. 

Starting Gear 

An electric motor is fitted, arranged to turn the engine 
at about 25 r.p.m. through a reduction of 100 to 1 after 
the induction pipes have been primed. The operation of 
the hand magneto (supplied by Messrs. Rolls-Royce) then 

starts the engine. 

The control gear operating the starter, finishes with a 
wire pulley on the engine, so that connection can be made 
to it from a distance, if desired. 

The Rolls-Royce patented device is supplied for prim- 
ing. This is a light and simple apparatus embodying a 
hand pump, which can be fixed in any convenient position 
near the pilot's seat, or as desired. One priming device 
may serve two or more engines with the iise of a change- 
over cock. 

A detachable handle is incorporated for turning the 
engine over by hand, through part of the reduction gear 
which serves the electric motor. 

The electrical starting gear is complete in every way, 
except for the battery, which is not supplied. 



THE SIDDELEY-DEASV 



The " Puma " 

Towards the end of tlie year 1916, llie R. F. C. began 
to feel the need of an aero engine of larger horse-power 
than they were using. Trials had already been made 
with an experimental aeroplane known as the D. H. 4 
fitted with a sis-cylinder engine of rather more than 200 
h.p., and these trials were so successful that the demand 
for an engine of about this power that could be produced 
in larg numbers became acute. 

The Siddeley-Deasy Motor Car Co., Ltd., was asked 
by the Ministry to undertake the production of an engine 
in Urge quantities to meet this demand, and it was at 
first suggested that an engine similar to that used in the 
experimental aeroplane should be manufactured. 

For many reasons this was found to be impossible, and 
finally the Siddeley-Deasy Co. were asked to prepare de- 
signs for an engine on similar lines. The design of the 
Puma engine was started in January, 1917. The experi- 
mental engine was made and completed in March, and 
trials were very successful. Some further modifications 
were made in the engine t<) ensure a rapid production, and 
quantity production was begun. The engine first began 
to appear in quantity at the end of the Autumn, and the 
output gradually grew until in October, 1918, the last 
complete month before the Armistice, no fewer than 625 
complete engines were delivered, and in addition a very 
large quantity of spare parts. 



General Description 

The Puma engine has six vertical cylinders, 143 mm. 
bore by 190 mm. stroke, and follows conventional prac' 
tice in its general arrangements. The valves are in the 
cylinder heads, and are worked by an overhead camshaft. 
This type of engine was chosen as it was necessary to 
make an engine which could be looked after and main^ 
tained by mechanics who did not possess very great skill 
or experience. Reliability is always of the utmost im- 
portance in aero engines; as the aeroplane for which this 
engine was originally intended had to undertake long- 
distance bombing raids, extreme reliability was absolutely 
essential. 

Cylinder Construction 

The chief novelty of the engine lies in the construction 
of the cylinders, which are in two blocks of three. The 
cylinder heads carrying the valves are made of a casting of 
an aluminum alloy into which liners are shrunk and 
screwed to form the cylinder barrels. This is a process 
requiring great care, and a special plant was installed to 
insure that the cylinder heads were kept at the right tem- 
perature while the screwing in operation was done. The 
cylinder is completed by an aluminum jacket which is held 
by means of a flange joint to the cylinder Head, and which 
makes a water-tight joint with the barrel by means of a 
gland with rubber packing. 
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Fig. 3. Showing oil circulation of Siddeley-Deasy " Puma " 

The ralve seats are of a special quality bronze, and are 
expanded into the cylinder head, after which they are 
machined in position. 

Valve Gear 

Each cylinder is fitted with three valves, one large inlet 
and two smaller exhaust valves. The inlet valve is worked 
by a rocking lever, actuated by an overhead countershaft. 
The exhaust valves are worked direct from the counter- 
shaft, the cam striking an adjustable flat topped cap which 
is fised to the valve itself. The exhaust valves are made 
of tungsten steel, very similar in composition to that used 
for high speed tool steel ; grinding in is scarcely ever 
necessary, as tests have shown that full power can be 
maintained for periods of 100 hours although the valves 
have not been touched. 

Crankcase Unit 

The cylinders are mounted on an aluminum crankcase 
which carries a very substantial hollow crankshaft 
mounted in seven white metal bearings. The lower half 
of the crankcase is not intended to carry a supply of 
oil. and is litted with a deep trough from which the oil is 
collected and returned to the oil tank. On the front of 
the cranksliaft is mounted a propeller boss which is driven 
by means of serrations, so arranged that the boss can be 
mounted in one position only. The propeller boss carries 
pointers which indicate on markings on tiie engine base the 
position at which the valves should open and close, thus 
making the adjustment of the valves an easy matter. 

Lubrication 

The lubricating oil is contained in a tank which is sep- 
arate from the engine, and which feeds the oil pump. 
From tliis pump the oil is forced to all the main bearings 
of the crankshaft whence the connecting rod bearings are 
supplied from holes in the crank web; oil is also supplied 
to the various gears and the overhead camshaft. A spring 



ve adjustable from the outside of engine is 
vided, so as to keep the pressure of the oil constant. 

After the oil has performed its duty in lubricating Ibt 
engine, it drains back into the lower half of the crank- 
case, from which it is sucked by another oil pump of largn 
capacity and is pumped back into the main oil tank. The 
oil is filtered both before it goes into the engine and Ik- 
fore leaving it. Particular care has been taken so thjl 
while all the parts of the engine receive ample oil, ti 
little as possible escapes into the combustion span. 
Special form of scraper ring is fitted to the pistons to 
elfect this purpose, and the result is so successful tbit 
the engine will run for long periods without carbon fonn- 
ing on the piston top, while the sparking plugs give little 
trouble through oiling up. Carbonization is also pre- 
vented to a large extent by the use of aluminum alloy pii- 
tons; these are designed so that they will keep as cool 
as possible. 

Ignition 

The engine is fitted with two entirely separate ignitiom. 
These may either be two separate magneto systems, or 
one magneto and one high tension electric system. In the 
latter case, the high tension distributor is driven off the 
back end of the camshaft. 

Self-Starter 

It has been found in practice that the engines are cut 
to start by pulling round the propeller and sparking the 
cylinders with a hand starting magneto, and in cases 
where this is inconvenient, the engine can be provided with 
either an air or electric starter. 

The air starter consists of a valve fitted to the front end 
of the camshaft, which distributes the compressed air to 
all the cylinders ; the engine thus acts as an ordinary com- 
pressed air motor and will turn at a good speed. As soon 
as the engine fires, non-return valves in the cylinders cnt 
off' the air supply. 




Fig. 3. Three-quarter view of U 
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riie electric starter consists of a small motor driving the 
;ine through a big reduction gear with a special form 

clut«h. Excluding the accumulator, the additional 
ght of the electric starter is about 25 lbs., while the 
starter weighs an additional 12 lbs. without compressed 

bottles. 

Water Circulation 
iVater is circulated round the cylinders by means of a 
np driven hy an extension of the vertical shaft that 
ves the camshaft. The pump is powerful enough to 
ure a water flow that keeps the engine at a tempera- 
e which is nearly uniform throughout. On account of 

high heat conductivity of the aluminum alloy cylinder 
ids, overheating is unknown so long as theri'^ is water 
the system. This enables a comparatively high com- 
■ssion to be used, with its consequent gain in power and 

Carburetor 

Two types of carburetor have been used on the engine, 
ich give nearly Identical results. These are the Zenith 
1 Clandel Hobson type H.C. 8. An engine has two 
buretors, eacli of which feed a block of three cylinders, 
e carburetors bolt direct on to the engine, and there is 
entire absence of copper piping. The induction pipe, 
ich is cast in the cylinder head, is well heated by water, 
important point when it is remembered that engines 
-e to work satisfactorily in the extreme cold experienced 
heights of over 20,000 ft. 

Accessories 

V small air pump is provided so that it can be used in 
;nection with the petrol supply if desired; this is 
ven by a cam on tlie vertical shaft. Provision is made 
driving a synchronizing gear used to fire machine guns 
ough the propeller, while a drive is provided for the 
ibie shaft of a revolution indicator. 

Installation 

'he Puma engine was chiefly used in service fitted to 
de H. 9 aeroplane, which was used for long-distance 
ibing raids, generally carried out in the day-time. 



The earlier machines were fitted with engines of medium 
compression, but latterly it has been found that consid- 
erable gain in speed could be made by using a higher com- 
pression, particularly when flying at great heists. 

The engine has also been fitted to the Bristol Fighter, 
and it was intended to use aeroplanes fitted with this en- 
gine in very large numbers during the present year. 

The Puma engine was fitted to several other aeroplanes 
experimentally, notably the F.E. SB, which is a machine 
of the pusher-type in which the propeller is behind the 
engine. It has also been used in the de H. 10, which is 
a two-engine bombing atiroplane, while the Bristol Tri- 
plane used four of these engines two in tandem on each 
side of the pilot. 

Leading Particulars of the Puma Engine 

Number of cylinders 6 

Bore 145 mm. 

Stroke 190 mm. 

Brake Horse Power at 1 ,500 r.p.m 260 

Brake Horse Power at 1,700 r.p.m 290 

Petrol consumption 53 to .6 pt. 

Oil consumption 03 to .0*5 pt. 

Weight dry 630 

Compression ratio 5.4 to 1 

Length over all 1,775 mm. (70 in.) 

Height over all 1,108 mm. (44 in.) 

Width over all 612 mm. (24 in.) 

Bearer centers 436 mm. ( 1 iVi in. 



THE "TIGER" 

Towards the end of the year 1917 the need for bombing 
aeroplanes of larger power was realized by the R. A. F. ; 
as a consequence the demands ior engines of greater horse- 
power became urgent. At the beginning of the year 19)8 
the Siddeley Co. were asked to undertake the design and 
manufacture of an engine to give at least 600 h.p. 

In view of the success of the Puma engine it was de- 
cided to continue the use of aluminum cylinder heads, and 
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Siddeley-Deasy cyUnder for " Puma " type engine 
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THE SUNBEAM 



General Characteristics 

"Arab " I 
8 cvliiideM. 
90° Vev. 
Tlirfc valvfs i>er cjOiiider. 

1 ,10 mm. stroke. 

Id.WfiO cubic ccntimt'ters volume. 
Articulating; coniK'cting rod system. 
Normal revolutions, if.UOl) per minute. 



A[ipro\im:itc weiglit per horse-power, 2.5 lb. 
Maximum liurse-iK>wer obtained at 2,000 eranksiiaft r 

lutions )>er minute, ^.t:"). 
Average petrol eonNum|)tio», 0.31 j)int per Iiorse-JK 

per hour. 
Claudel HobNon earburiter, type H.C'.7, set in eente 

Vee formed by cylinder bloek.s. 
Variable ignition by two 8-eyIinder magnetos. 
Lubricant consumption, average €..'> pints )ier liniii 

castor oil. Normal oil pressure to main engine 

tails at full i>ower, 15 lb. per .square inch. 




Th<- SunbeHiii "Aral." wl.ich is rat^l at JOO H.I'. 




The SunbcHm " Maori " 
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This engine has also been made witli direct drive in- 
stead of with reduction geac. A number of these engineii 
have been fitted with hand starters, 

" Manitou '■ 
12 cylinders. 
60° Vee. 

Reduction gear teeth ratio, 38 to 44. 
Four valves per cylinder. 
110 mm. bore. 

135 mm. stroke master road side. 
142 mm. stroke link rod side. 
i;3,794 cubic centimeter.s volume. 
Articulating connecting rod system. 
314 brake horse-power. 
Nominal revolutions, 2,000 per minute. 
Approximate weight per horse-power, 2.3 lb. 
Average petrol consumption, 0.54 pints 'per horse-power 

Claudel Hobson carburetor, type H.C.7, set in center of 
Vee formed by cylinder blocks. 



Variable ignition by two I2-cylinder magnetos. 
Lubricant consumption, average 8 pints per hour cantor 

oil. Normal oil pressure to main engine details it 

full power, 40 lb. per square inch. 
This engine is designed to take an electric stsrtii; 
motor, as well as being fitted with a hand starter. 



■ Ma. 



! IV" 



The " Maori " IV Sunbeam-Coatalen water-cooled a 



; has been specially designed for airship irark, 



It has: 

] 2 cylinders. 

60" Vee. 

Four valves per cylinder. 

100 mm. bore. 

135 mm. stroke. 

12,720 cubic centimeters volume. 

Articulating connecting rod system. 

275 brake horse-power. 

Normal revolutions per minute, 2,000. 

Approximate weight, .1.3 per horse-power. 
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age petrol consumption, 0.54 pint per horse-power 
per hour. 

del Hobson carburetors, type B.Z.38, set outside, 
ible ignition by two 12-cyllnder magnetos, 
icant consumption, average 6.5 pints per hour cas- 
tor oih Normal oil pressure to main engine details 
at full power, 4") lb. per square inch, 
d with hand starter and electric motor, 
le following special fittings are included: — Water- 
d exliaust pipe, automatic governor to prevent over- 
ing, flywheel in place of reduction gear, and extra 

water pump to insure efficient circulation, 
ic Sunbeam ** Maori 4 " type have been specially de- 
d for airship use. These have 12 cylinders in two 

of six each set in '* V ** form at an angle of 60 de- 
i. The cvlinders are of 110mm. bore and 135mm. 

» 

e, each having four overhead valves which are actu- 
bv two camshafts to each row of cvlinders, the 
Iiaft drive being by a train of gears, 
le articulated system is adopted for the connecting 
and a flvwheel is fitted to the crankshaft. These 
les are designed to run at 2,100 revolutions per 
te, tlie b.h.p. at this speed being 275. 
rburetors, of which there are four, are of the Claudel 
.on B.Z.S. 38 type, and are fitted outside the " V," 
>1 being fed to them either by gravity or by pressure, 
ignition is by two 12 cylinder magnetos, 
le water pump is of specially large dimensions and 
:ernor is fitted so that when tlie engine speed reaches 
) r.p.m., or when the oil pressure falls below 20 lbs. 
iquare inch, the ignition is cut oft\ 

hand starter and compressed air starter are provided. 

exhaust pipes are provided with a special arrange- 

for cooling by water. The flywheel carries one 

?nt of a friction clutch. This element is driven from 

ywheel by means of a series of composite leather and 

i driving pieces whicli are interposed to equalize tlie 

ses on tlie teeth of the main wlieels. The clutch itself 

the multiple disc type with a single central spring 

contains a series of ten phosphor bronze plates of 

al alloy making frictional contact with ten similar 

s of steel. The central spring is operated by a lever 

he control station in connection with the engine 

igli a pair of collars fitted with an eccentric link in 

a way that the pressure of the spring is balanced 

driving, and the end load on the crankshaft is re- 

1 to a minimum wlien declutching. 

om the clutch the power is led by means of an in- 



termediate shaft, fitted with a dog coupling for perma- 
nent disengagement when necessary, to a gear box fitted 
to the after end of each gondola. The gear boxes are of 
three types. In the forward gondola the gear box is a 
plain reduction type without reverse gear, reducing the 
speed from the crankshaft revolutions of 2,100 to 5W per 
minute. 

The second gear box is of reversing type and is used 
on the wing cars, and gives similar reduction, but allows 
by means of sliding gears for the direction of rotation 
of the propeller to be changed for maneuvering pur- 
poses. 

The third gear box is of a special reduction type, in 
which two pinions are used, both engaging with one 
common spur wheel attached to the propeller. This is 
fitted to the after car, which is of larger dimensions than 
the others and carries two engines. All gear boxes are 
of similar detail design, the gear wheels being of large 
diameter, case hardened, and are fitted with pumps so 
arranged as to insure a constant supply of lubrication 
to the teeth and bearings, etc. 

Small tanks are supplied containing the supply of oil 
for the gear boxes, and are fitted to the cars near the 
gear boxes. 

The radiators are coupled by aluminum piping to the 
engines and to an aluminum tank arranged in the hull of 
the ship. 

Special arrangements are made to enable the effective 
cooling of the radiator to be adjusted to suit the tempera- 
ture of the surrounding air and the speed of the engines. 
Branch pipes are supplied for heating when on the ground 
and supplying cold water for stationary trials. 

The fuel leads are connected to filters and petrol cocks 
on the gondolas, the filters, etc., being duplicated so as to 
enable them to be cleaned while the machinery is in mo- 
tion. 

In addition to the usual lubrication fittings supplied 
with the engine, special oil cooling tanks placed outside 
the gondolas are fitted, which are in direct communica- 
tion with the oil circuit on the engines through a series of 
connections made with oil cocks fitted with indicating 
plates so that the amount of oil passing the coolers can 
be adjusted to suit the running and temperature condi- 
tions, and a fresh supply added to the oil in circulation 
from a tank situated in the main structure of the ship. 

The oil circuit also incorporates a special filter so 
arranged that one-half of the filter is continually in use 
while the other half is taken apart for cleaning purposes. 



THE ZEITLIN 



The Zeillin is an interesting new aero engine, tlic inven- 
tion of Mr. Joscpli Zeillin, of London, England. The 
engraving. Fig. 1, represents Mr. Zeitlin's tirst engine. 
Tlie general arrangement, given in Fig. 2, illustrates tlie 
design of a nine-cylinder engine on the same general lines 
as the first seven-cylinder example, but cmhiidying certain 
minor, tliougli important modifications, introduced as a 
result of experience with the preliminary engine. 

The new engine resembles certain other aero engines 
in .so far as it is of the fonr-stroke cycle, rotary type. Its 
fundamental point of difTcrenee consists in thi.s, that the 
piston stroke is not of uniform length in each of the four 
movements constituting a complete eyelc. What happens 
in the ea.se of an engine having a working stroke of ISl 
mm. can be best be e\|)lained by means of the simple 
diagram given in I-ig. 3, After the downward working 
stroke of 181 mm., the piston executes an upward exhaust 
stroke of 203.5 mm. The extra 22.5 mm. of movement 
brings tlie to|) of the piston almost up against the face of 
the cylinder head, and very thoroughly clears out the 
products of combustion from the cylinder. The cximu.'it 
takes place through a meehanieally operated valve situated 
«t the center of the cylinder head. The succeeding down- 



ward suction stroke is 226 mm. in length. The esinii 
mm. of motion in this stroke results in the pistoo on 
shooting a port B in the cylinder wall near its foot, aul, 
as a result, explosive mixture passes from the crank ci 
into the cylinder interior. During the suction stroke tht 
exhaust valve is held open for some distanre A, so 
suitable |)roportion of air for the combustion of the «i- 
plosive mixture may be drawn into the cylinder. Tbt 
succeeding compression stroke of 203.5 mm. stops about 
'2S mm. or so from the cylinder head, so as to aJTord i 
proper amount of compression space, and leave the pistoo 
in the correct jtosition to commence the working strokt. 
The working stroke, it will be gathered, stops short jmt 
before the inlet port B would be uncovered. 

It will be seen then that the piston, in addition to its 
ordinary reci|iroeation through 181 mm., performs a 
monic motion through a range of 32.5 mm. This result 
is achieved by coupling the connecting rod not straight 
on to the crank pin, but on to an eccentric bush of l3.9>f, 
mm. throw surrounding the crank pin, and by driving thi) 
bush round the crank pin as axis, in the same direction k 
the engine and at one-half the engine speed. The crinic 
throw is 101.7."> mm. 
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To understand how this arrangement gives the required 
otion to the piston, the diagrams given in Fig. 4 will be 
lund of assistance. For simplicity we have here repre- 
nted the idea applied to an ordinary fixed-cylinder, 
>tating-crank shaft engine. At the commeneement of 
e working stroke, the crank is at O A and the eenter of 
le eccentric at B, the angle O A B being 45°. Were 



the eccentric fixed rigidly to the crank pin then at the 
end of tlie working stroke its center would be on the line 
C D. As it is, during the half revolution of the crank, the 
eccentric is driven round the crank pin through one- 
quarter of a' revolution in the direction of the arrow 
marked on it, so that at the end of the working stroke the 
center of the eccentric is at E. The effective length of 
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tlie working stroke i!i thus nut A C but B E, or two cranks 
minus twice the horizontal projection of the eeeentritity 
A B or. in symbols, 2 r — 2 p. During the exiiaust stroke 
the eccentric makes a further quarter revolution so that 
the efTective length of the exhaust stroke is F G, or 2 r 
_p-|-p = 2 r. Similarly, the effective lenglli of the 
suction stroke is H J or 2 r -|- 2 p, and of the corai)res- 
aion stroke K L or 2 r + p — p ^ 2 gr. The throw A B 
of the eccentric being 15.907 mm., and the angle O A B 
i5 deg., the horizontal projection p measures ll.2.'> mm. 
The crank radius being 101.75 mm., the lengths of the 
strokes are as follows; Working stroke, 203.i5 — 22.5 = 
181 mm.; exhaust stroke, 203.5 mm.; suction stroke, 
203.5 -f 22..') — 226 mm.; compression stroke, 203.5 mm. 
In Fig, t it is to be noted we have shown tiie eccentric 
as rotating in the opposite direction to the crank shaft. 
So far as the mere motion of the piston is concerned an 
exactly similar result is obtained by rotating eccentric and 
crank shaft in tlie same direction, as will be made clear 
by a study of Fig. 5. Let us consider the difference be- 
tween these two arrangements as applied in a rotary 
engine of Mr. Zeitlin's actual type. In Figs. 6 and 7 we 
illustrate diagrammatically what occurs between tiie eccen- 
tric and the connecting-rod big end during tiie working 
or explosion stroke when respectively the eccentric is 
made to rotate ojipositely to and in the same direction as 
the cylinders. In Fig. 6, A is supposed to be the crank, 
B the eccentric, and C the connecting-rod. When the 
piston is at its inner dead center let us mark the eccentric 
at D and the connecting-rod bush at E. Imagine for the 
moment that the eccentric is fixed rigidly to the crank 
pin, and that the engine is turned through Italf a revolu- 
tion. The point D remains stationary at F, but the point 
E moves round to G througli the arc F H G. The design 
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Fig, 3. Lengths of strokes 

of tlie engine, however, requires that the eccentric 
the piston is at its outer dead center should be in tht 
tion shown in the third sketch. In other word 
eccentric has to be rotated on the crank pin, so tb 
point D may move from J to K. This is achiev 
turning the eccentric clockwise through a right 
The total relative movement between the eccentric a 
connecting-rod bush is thus the arc K J L. 

In the alternative arrangement illustrated in Fig. 
motion of the point E is as before through the arc F 
But this time the motion of the point D is anti-cio 
from J to K. Thus the net relative motion of tl 
points is through the small arc K M L. It will b 
then that the rubbing speed in the first case is three 
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t as in the second. The rate of wear is corre- 
^ly greater. In his first experimental engine Mr. 
idopted opposed rotations, but the important prac- 
isideration we have just explained has led him in 
iequent designs to abandon it in preference for 
s in the same direction. 

f earlier arrangement the bush A, Fig. 8, surround- 
crank pin and carr3'ing the eccentrics was rotated 
ir of gear wheels B C, the first fixed to the bush, 
second journaled on the crank shaft, but fixed to 
iting with the crank case. In the later arrange- 
e obvious method of driving the bush D is to em- 

wheels E F connected by an idler G to give the 

1 reversal of direction of rotation. It was found 
however, to get a three- wheeled 2-to-l reduction 

to the space available, and for this and other 

Mr. Zeitlin evolved the patented system shown 
matically in P'ig. 9. In this system two wlieels 

a 2-to-l ratio are arranged inside an internally 
ping C. The wiieel B is united to the crank pin 
> which carries the eccentrics. The spindle of the 
. is fixed to the rotating crank case E in line with 
;nsion piece F carrying the propeller hub. The 
s mounted on balls within a flanged disc G. This 
ms one web of the crank. It is bolted to the 
in and at H provides one of the journals whereon 
k case rotates. The journal H is bored to receive 
die of the wheel A. It will be seen that the sleeve 
js driven in the same direction as the crank case 
n, and that, in fact, the ring C is exactly equivalent 
Her pinion shown in Fig. 8. 
; is another substantial advantage, besides that of 

wear, involved in driving the eccentrics and the 
s in the same rather than in opposite directions, 
vantage is concerned with the nature of the stresses 
upon the teeth of the gearing driving the eccentric 
^Vithout going into an elaborate demonstration, we 
' say that with the earlier arrangement the bending 
1 the teeth of the wheel is reversed once every half 
)n, the average reverse stress being practically 
the average direct stress. With the later arrange- 
is serious practical disadvantage is avoided, 
ng now to the general drawing, it will be under- 
lat the; side-by-side disposition of the nine eccen- 

the crank pin requires the nine cylinders to be 
>ndingly staggered round the crank case. It 
lardly possible to combine the Zeitlin eccentric 
rrangement with the co-planar cylinder disposi- 
nd in the master connecting-rod and other types 
y aero motors. Nevertheless, Mr. Zeitlin has suc- 
n placing the cylinders in such a way that lack of 

arising from their being staggered has been 
ed. Starting with the left-hand eccentric as No. 
ccentrics are associated with the cylinders in the 
g order: — 



acentric. No. 1 2 S 4- 
rlinder. No. 1 8 



.') 



S 6 5 



6 7 8 9 
4 7 2 9 



ler of firing in the cylinders follows the sequence 
rotary aero engines, namely, 1 , ,S, 5, 7, 9, 2, 1, 6, 8. 
orm of tile central exhaust valve should be noted. 



It is in the nature of a ring which closes and opens an 
annual port in the cylinder head. The sparking plug is 
disposed at the center of the ring, the idea being that the 
exhaust passing into the annular port round the inner and 
outer circumferences of the valve shall not cause anv de- 
posit in the neighborhood of the sparking plug. In our 
presence one of the cylinders of the first engine was re- 
moved after a run. It was found that whilst the cylin- 
der head beyond the larger radius of the exhaust valve 
was coated with oil, the surface within the ring was 
clean. 

The electrical connection between the sparking plug 
and the distributing ring is a flat strip of stream-lined 
duralumin formed with an eye at one end to clip on to a 
button at the top of the sparking plug. The other end 
of this lead is fixed to the distributing ring by means of a 
stud and spring washer, constituting a self-tightening 
connection. The object of these details is to permit the 
ready removal of the cylinder in the least possible time. 
To effect this removal, the duralumin lead is first pressed 
slightly towards the cylinder until its eye is released from 
the plug button. It is then pushed backward — into the 
plane of the paper, as it were, in the general arrangement 
drawing — so as to clear the cylinder. It now remains 
only to free the large nut that holds the cylinder within 
the screwed gland in the crank case. With this nut re- 
leased, the whole cylinder can be lifted away, for, as 
usual, the valve rod and tapj)et rod are not mechanically 
connected. It will be noticed that the cylinder body is 
made in two parts, the inner part, the cylinder proper, 
being a separate entity from the outer part, carrying the 
radiating fins. The latter part is made in aluminum. 

The method of operating the exhaust valves, and the 
altitude control associated with it, is one of the most 
interesting features of the engine. Fig. 10 indicates in 
diagram form the essential ideas involved. The nine ex- 
haust valves are operated by three cams A, B, C, formed 
on a sleeve which is extended to provide an internally 
geared wheel D. The cam member rotates on the sleeve 
of a gear wheel E fixed on the end of the crank shaft, and 
meshing with the internal gear wheel D through an idler 
pinion F pinned on the crank case. The cam member is 
thus driven at half the engine speed in the same direction 
as that in which the cylinders rotate. 

Associated with this drive of the cam member there is 
an altitude controlling arrangement. In an ordinary aero 
engine the power developed falls off as the height of the 
aeroplane increases, because ( 1 ) the percentage of oxygen 
in a given weight of air decreases as the altitude increases, 
and because (2) the weight of air drawn into the cylinder 
decreases, for although the induction volume remains con- 
stant the density of the air falls off with the altitude. In 
Mr. Zeitlin's engine the distance A — Fig. S — is such 
that the weight of air drawn into the cylinder at 12,000 ft. 
altitude, together with that obtained from the crank case 
with the mixture, is sufficient to permit the engine to 
develop its full rated power at that altitude. It naturally 
follows that at lesser altitudes the weight of air drawn in 
past the exhaust valve during the suction stroke is in ex- 
cess of actual requirements. To obviate the engine thus 
running at low altitudes with mixtures that are too weak, 
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Mr. Zeitlin arranges to open the exhaust valve again dur- 
ing a portion of the compression stroke, so that the excess 
air may be expelled from the cylinder before it has time to 
mix thoroughly with the explosive vapor. The length of 
time during which the exhaust valve is held open on the 
compression stroke can be regulated to suit the altitude. 
In this way, if the regulation is properly attended to, the 
engine can be made to give the same power at all altitudes 
from the ground up to 12,000 feet. The mechanical 
means whereby the exhaust valve is held open during a 
variable portion of the comprehension stroke are indi- 
cated in the sketch, Fig. 10. The tappet G, it will be 
seen, does not bear directly on the cam surface, but has 
interposed between it and the cam the end of a lever H 
fixed to a short shaft, which, at its other end, carries an 
arm provided with a roller J. All the nine rollers are 
arranged in one plane, and pass in turn over a curved cam 
surface K pivoted to a fixed point at one end, and at the 
other connected to an indicator handle under the pilot's 
control. At the ground level the cam K is set fully in so 
that, as each roller passes over it, the associated tappet 
is lifted off the cam A, B or C, and the exhaust valve is 
accordingly held open during a portion of the compression 
stroke. For starting purposes the cam K is set fully in 
and acts to the same end as the decompression gear pro- 
vided on certain other aero engines. As the altitude in- 



creases the pilot progressively withdraws the cam 
action, so as to retain in the cylinder more and i 
the air drawn into it during the suction stroke, u 
normal height for which the engine is designed is i 
at which height the cam K is fully out of action, 
exhaust valve remains closed throughout the enti 
pression stroke. The actual compression ratio vari 
4.5 to 1 at or near the ground level up to 7 to 1 
altitudes, although the compression volume remai 
stant throughout. 

It is claimed that the introduction into the c 
during the first part of the suction stroke, of 
volume of air in advance of the inlet of the com 
mixture from the crank case, entirely eliminates 
sibility of a back fire occurring through the rete 
the cylinder of some part of the hot products f 
previous working stroke. It is further claimed 
absence of inlet valves conduces to a like resul 
being an advantageous mechanical feature fo 
reasons. Other features of the engine to whicl 
attention is called are the very complete sa 
effected by the extended movement of the pistoi 
the exhaust stroke, the central situation of the 
the fact that all the connecting-rods are of the s 
and shape, and the similarity of the functioning o 
cylinders. 



CHAPTER III 
FRENCH TYPES 

THE no H.P. CLERQET 



General Description 

This engine is of the rotary air cooled type, with 9 
cylinders, ISO mm. by 160 mm., rated at 110 li.)}., but 
capable of developing 130 b.p. at 1,200 r.p.m.' It is fitted 
with a double thrust ball race, which enables it to be used 
either as a pusher or as a tractor. 

The engine works on the Otto, or four stroke cycle, two 
revolutions of the engine giving one cycle (four strokes) 
in each cylinder. Its chief points of difference from other 
rotary engines are: 

The pistons are of aluminum alloy, the connecting-rods 
are of tubular section, and the inlet and exhaust cams are 
mechanically operated by means of separate cams, tappets 
and rocker arms. 

The direction of rotation is anti -clockwise as seen from 
the propeller end of the engine. Like all other rotary 
engines it is made chiefly of steel, for strength and liglit- 
ncss. The angle through which the engine turns between 
any two consecutive explosions is 80°. 

Approicimalc oil consumption ^ 2 gallons per hour. 
Approximate gasoline consumption^ lU gallons per hour. 
Approximate weight of engine ^ 365 lbs., i.e., 3.3 lbs. per 
rated h.p. 

' This is a pure thrust hparlnp and distinct from the com- 
bined thrust and rndiul iiearing used in the Unonie and Mono- 
sou pipe engines. 



Crankshaft 

The forged steel crankshaft is hollow, and, as in all 
single line rotary engines, has one throw. It consists of 
two main parts, the long end and the short end, which are 
connected by a telescopic joint at the crank pin. An ex- 
tension keyed to the short end carries the cam gear and 
the cam box ball races. The crankshaft is stationary and 
serves the following purposes : — ■ 



attaching the engine to 



(1) It provides a m 

the aeroplane. 
(3). It conveys the oil to the working parts. 
(3). The carburetor is mounted on the rear end of the 

hallow crankshaft, which acts as an induction 

pipe. 
(i). It provides, in the crank pin, the fixed point 

against which the force of the explosion exerts 

itself in turning the engine. 

Crank case 

The crankcase is made of two steel stampings bolted 
together by steel bolts, and centered by dowel pins. It 
has nine apertures disposed symmetrically around its 
periphery to accommodate the nine cylinders, each of 
which is gripped tightly between the two parts of the 
crankcase and is prevented from turning by a key. It is 
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not supported directly on the crankshaft, but carries on 
its face plates, or covers, known respectively as the cam 
gear case, and the thrust box, or rear drum. The thrust 
box contains the main engine ball race,^ the double thrust 
race, and a second radial ball race. The cam gear box 
contains a large radial ball race at the end next the crank 
web, a smaller race at the end of the extension, and two 
races for the inlet and exhaust cams. These latter are 
mounted eccentrically on the crankshaft extension. The 
nosepiece, which carries the propeller boss, is bolted to the 
front of the cam gear box, and holds in position a center- 
ing plate which forms a housing for the small ball race 
previously referred to. 



Cylinders 

The cylinders are of nickel steel, machined from the 
solid. The walls have a thickness of 3 mm. Thev are 
numbered 1 to 9 consecutively, in a clockwise direction, as 
seen from the propeller end of the engine. The order of 
firing is 1,3, 5, 7, 9, 2, 4, 6, 8. The head of each cylin- 
der is bored and screwed to take the inlet and exhaust 
valve seatings, and bosses are provided into which the 
rocker arm fulcrum posts are screwed. An external 
shoulder near the bottom of the cylinder fits in a corre- 
sponding groove in the crankcase, and this, together with 
the key previously referred to, are the means of fixing the 
cylinder in the crankcase. The bottoms of the cylinders 
are cut away at the opposite sides where they would other- 
wise foul the connecting rods. 

Pistons 

The pistons are of aluminum alloy with flat concave 
heads. A portion of the skirt is cut away at the trailing 
edge to allow the piston in the neighboring cylinder to clear 
at the bottom of the stroke. Each piston carries a cross 
head as in the case of the Gnome engine. The piston head 
is bored to take the cross head, which is flanged at the top 
so that the piston is gripped between this flange and a 
castellated nut, which is screwed up from underneath and 
locked by a small screw. The cross head is attached to 
the connecting rod by a hollow steel gudgeon pin. A 
small square sided flange, at one end of the gudgeon pin, 
lies between two shoulders on the side of the cross head, 
and so prevents the pin from turning. It is prevented 
from sliding in the cross head by means of the flange and a 
copper washer at the opposite end. This washer lies 
under the head of a bolt, screwed into the end of the 
gudgeon pin, and engages with a recess in the cross head 
lug. It is turned up at either side when in position, and 
so locks the bolt." The pistons are fitted with three cast 
iron rings and two obturator rings. The obturator rings 
are carried in the same groove, one inside the other, with 
their gaps separated by 45^ to 60^, i.e., about two inches. 
The gaps in the piston rings should be set about \2i) 
apart, i.e., equally spaced around the piston. 



3 



o 



Piston clearance 
Piston ring gap 
Obturator ring gap 



0.4 mm. at top, 0.3 mm. at bottom. 
0.5 mm. to 0.75 mm. 
0.8 mm. 



I Some manufacturers of this engine fit a self-aligning race, 
but a ])lain radial race is more usual. 

-Other methods of su])porting the gudgeon j)in are used by 
different manufacturers of this engine. In some cases the pin 
fits in bosses east in the piston, and is held by a set screw. 



Connecting Rods 

All the connecting rods are tubular in section. There 
is one master rod and eight auxiliary rods. The master 
rod big end runs on two ball races mounted at either end 
of the crank pin, and carries eight wrist pins, by means 
of which it is connected to the auxiliary rods. The 
master rod is bushed at its small end, and the auxiliary 
rods at both ends, with phosphor bronze. 

Valves 

The inlet and exhaust valves in the cylinder heads are 
mechanically operated by means of light steel tappet 
rods and overhead rocker arms, which are mounted on 
the fulcrum posts at the heads of the cylinders. There 
are two tappet rods and rocker arms to each cylinder, 
one for the inlet valve and one for the exhaust valve. 
The inlet valve is carried in a guide that is in one pieee 
with a steel pocket communicating with the induction 
pipe. The lower part of this pocket screws into the 
cylinder head and forms the valve seating. The inlet 
valve seating is flat, but the exhaust valve has a coned 
seating which opens to the atmosphere direct. The 
exhaust valve stem slides in a steel guide, bushed with 
cast iron, which is supported at the center of the valve 
seating by three radial arms. The valve springs are of 
the spiral type, and that of the exhaust valve is protected 
from the action of the hot gases by a cone shaped deflector, 
which is formed in one piece with the guide and seating. 
The inlet and exhaust cam plates are driven at % times 
the engine speed by separate internally toothed wheels 
mounted inside and keyed to the cam gear case. The 
cam plates overtake the engine once in eight revolutions, 
and each cam plate is cut in the form of four separate 
cams, so that in eight revolutions each tappet will be 
lifted four times, i.e., once in two revolutions. 

Cycle of Operations 

In this engine there is 10° overlap, i.e., the inlet valve 
is set to open 10° before the exhaust valve closes. Start- 
ing with any cylinder on T.D.C., with both valves open, 
the cylinder moves forward until it is 5° past T.D.C., 
at which point the exhaust valve closes. The inlet valve 
remains open until the cylinder has reached a point 58'^ 
past B.D.C., where it closes and compression commences. 
At 25^ before T.D.C. ignition takes place, and the cylin- 
der moves on to the working stroke passing T.D.C. while 
the flame is spreading through the mixture. The exhaust 
valve opens at 68" before B.D.C. and remains open 
through the remainder of the cycle. 

Admission of explosive mixture 5° to 238° 

Compression 238° to 360° 

Power 0° to 112° 

Exhaust 112° to 360° + b"" 

3 Where cast iron pistons are used the clearances should be as 
follows: At top of piston =: O.J mm. At bottom = 0.15 mm. 
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Valve Timing 

The exact timing of the valves is determined by ad- 
justing the length of the tappet rods, but before this ad- 
justment is made, the cam gears are correctly set as 
follows: After inserting the crankshaft extension with 
inlet cam, the toothed wheel and ball race is attached to 
the short end fixed inlet toothed ring in the cam gear 
case, and one of the cams is set at the extreme throw of 
the eccentric. The whole is placed in position in the 
cam gear case, the teeth are meshed so that this cam is 
under No. 7 inlet tappet which will thus be held in its 
extreme outward position. The fixed exhaust tooth ring 
is inserted and, after setting one of the exhaust cams at 
the extreme throw of the eccentric, the eccentric is placed 
in position on the crankshaft extension, the teeth being 
meshed so that this cam is under No. 1 exhaust tappet 
which will thus be held in its extreme outward position. 
After erection has been completed the adjustment of the 
tappet rods is made as follows: 




B.Or. 



Fig. 4 

Exhaust Valve Setting 

Any cylinder, for example No. 1, is set in exhaust 
opening position^ i.e., 68° before B.D.C. on the power 
stroke and the length of the tappet rod is adjusted until 
the exhaust valve is just opening. This is repeated for 
cylinders .'J, 5, 7, 9, 2, I, 6, 8. Note. — No. 1 cylinder is 
68° before B.D.C. when the center line of No. 6 is 2° 
above horizontal. 

Inlet Valve Setting 

Any cylinder, for example No. 1, is set in inlet valve 
closing position, i.e., 58° past B.D.C. on compression 



stroke, and the length of the tappet rod is adjusted so 
that the inlet valve is just closing. This is repeated for 
cylinders 3, 5, 7, 9, 2, 4, 6, 8. Note. — No. 1 cylinder is 
56° after B.D.C. when the center line of No. 7 is 2° to 
the right of vertical. 

Ignition Timing 

Any cylinder, for example No. 1, is set in ignition posi- 
tion, i.e., 25° before T.D.C. The magneto is turned in 
normal running direction until the contact points are 
just breaking, and the magneto driving gear is meshed. 
This is repeated with the second magneto. It is essential 
that the two magnetos be absolutely synchronized, i.e., 
that the two breaks occur at exactlv the same instant. 
A fine vernier adjustment is provided for this purpose. 
Note. — No. 1 cvlinder is 25° before T.D.C. when No. 5 
is downwards with its center line 5° to the left of vertical. 

Magnetos 

The magnetos are mounted on the central support and 
driven by a large wheel on the back end of the thrust box. 
Each magneto pinion has twenty-eight teeth and the 
driving wheel sixty-three teeth, so that the magneto 
armature makes nine revolutions to four of the engine. 
As the magnetos are of the rotating armature type, they 
give two sparks per revolution, so that there will be nine 
sparks in two revolutions of the engine during which each 
cylinder will have completed one cycle. The high ten- 
sion current from both magnetos is taken to the dis- 
tributor which is mounted on the thrust box. The dis- 
tributor has two rings with nine contacts on each. One 
ring of contacts receives high tension current from the 
first magneto, and the other ring of contacts receives high 
tension current from the second magneto. Each corre- 
sponding pair of contacts on the two rings is connected to 
one cylinder, each contact of the pair to a separate plug 
in the cylinder. The arrangement is adjusted so that 
each cylinder has two simultaneous sparks at the time of 
ignition which hastens the combustion of the charge. 

Carburetion 

The carburetor used on this engine is of the horizontal 
jet type. It is mounted on the end of the hollow crank- 
shaft through which the explosive mixture passes to the 
crankcase, and thence through the induction pipes to the 
cylinders. The body is cylindrical in shape and prac- 
ticallv forms an extension to the crankshaft. A drain is 
provided to carry away surplus gasoline. There are two 
horizontal air intakes at the sides of the bodv whieli are 
joined by rubber connecting pieces to extensions leading 
to the outside of the fuselage. The amount of air enter- 
ing is controlled by a cylindrical throttle, which is 
operated by a lever mounted on the throttle barrel. The 
jet, which is co-axial with and projects into tlie crank- 
shaft, slides in the small bridge piece at the back of the 
throttle cylinder and is fed with gasoline through a radial 
inlet near the rear end. For any given position of the 
throttle, the jet opening is controlled by a fine adjust- 
ment lever, at the rear of the carburetor. Movement of 
this lever advances or withdraws a needle inside the jet. 
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and so closes or opens the hole through which the gasoline 
is sprayed into the crankshaft. The base of this needle 
extends through a stuffing box, at the rear of the jet, and 
its longitudinal movement is brought about by a thread, 
at its base which engages with a female thread in the 
large bridge piece at the rear of the carburetor. Outside 
the bridge piece is the fine adjustment lever, which is 
mounted on the needle in such a manner that it can be 
set at the required angle in respect to the needle. The 
jet is prevented from turning by two keys in the small 
bridge piece, through which it slides under the action of a 
thread on the jet, which engages with a female thread at 
the center of the rear end of the throttle barrel. This 
thread is of the same pitch as that at the base of the needle. 
Equal movement of both levers therefore affects the air 
supply only, and movement of the fine adjustment lever 
affects the jet opening only, but movement of the throttle 
lever alone affects both and gives a jet opening bearing a 
relation to the throttle opening which depends upon the 
position of the fine adjustment lever. 

Lubrication 

The pump delivers oil to an inclined nipple which is 
mounted in the boss of the central support so that it is 
opposite a hole in the crankshaft. A branch also leads 
to the pulsator glass. The hole in the crankshaft ter- 
minates in a copper pipe through which the oil flows, 
inside the crankshaft, to the long end crank web. This 
crank web, the crank pin, and the short end crank web, 
are drilled to form an oil lead which terminates in the 
hollow short end of the shaft and from which oil lead 
branches are taken to lubricate the various parts of the 
engine as follows : — 



Part of engine. 

Ball races, gears, cams and 
tappets in cam gear case. 
Master connecting rod ball 
races, wrist pins, gudgeon 
pins, and cylinder walls. 



Main engine ball race and 
thrust box ball races. 



Lubricated by. 

Restricted opening in short 
end crankshaft extension. 
Restricted opening in crank- 
pin to wrist pins (as in 
Gnome engine) and inside 
hollow connecting rods to 
gudgeon pins. 

Restricted opening at base of 
long end crank web. 



Pulsator 

The pulsator glass is mounted where it can be easily 
seen by the pilot. It shows whether the oil pump is 
working properly and the number of pulsations per 
minute is a measure of the engine speed which may be 
calculated as follows : — 

R.P.M. of engine = Pulsations per minute X 1^.3. 

Oil Pump. 

The oil pump is similar to that used in the Gnome and 
Monosoupape engines but it has one pump plunger and 
one valve piston only. It is driven by the large wheel 
on the back end of the thrust box and is fitted with an 
oil strainer and an adjustment for varying the lift of the 
pump plunger and so regulating the delivery of oil. 

Air Pump 

The air pump^ which maintains the pressure in the 
gasoline tank, is driven from the same wheel as the oil 
pump and magnetos through a triple thread worm and 
wheel. There are no suction valves as the inlet is through 
the sides of the pump barrel and a delivery valve is on 
the outer cover. The pump is single-acting with one 
crank. Ratio nine revolutions of the pump crank to six- 
teen of the engine. Discharge, 770 cubic inches of free 
air per minute, which is sufficient to displace ten tinses 
the gasoline consumed, by air at 4 lbs. pressure per 
square inch above atmosphere. 

Hand-Starting Gear 

Hand-starting gear is arranged on the left hand rear 
side of the central support. A hollow spindle projects 
through a bearing in a casing secured on the central sup- 
port and carries at its inner end a skew pinion which can 
be engaged with teeth around the rim of the distributor 
by sliding the spindle in its bearing. A spiral spring in 
the spindle forces the pinion out of gear when the engine 
starts. The disengagement is assisted by the shape of 
the teeth. At its outer end the spindle carries a crank 
handle which is turned anti-clockwise to start the engine. 



THE loo H.P. GNOME MONOSOUPAPE 



General Description 

This engine is of the rotary air cooled type with nine 
cylinders, 110 mm. by 150 mm. developing 100 h.p, at 
1,300 r.p.m. As the name of the engine implies it has 
only one valve per cylinder, and this is situated in the 
cylinder head. It is fitted with a double thrust ball race, 
which enables it to be used either as a pusher or as a 
tractor. The engine works on the Otto or four 
cycle, two revolutions of the engii 
( four strokes) in each cylinder, 
difference from other rotary engines 

Absence of carburetor, no inlet 
cylinder walls and, non-explosive n 



Its chief points of 






inlet ports i 



The engine revolves in the anti-clockwise direction as 
seen from the propeller end of the engine. As in the 
case of all rotary engines, it Is made chiefly of steel for 
strength and lightness. The angle through which the 
engine turns between any two consecutive explosions is 
80°. 

Approximate oil consumption c= 2 gallons per hour. 
Approximate gasoline consumption^ 10 gallons per hour. 
Approximate weight of engine ^300 lbs., i.e., 3 lbs. 
per h.p. 

Crankshaft 

The crankshaft is made of rlirome nickel steel. It is 
hollow and in two parts, a long end and a short end. As 
in all single line rotary engines, it has one throw. It is 
stationary and serves the following purposes: 

(]) It provides a means of attaching the engine to the 
•eropl.ne. 




(2) It conveys oil to the working parts. 

(3) It conveys gasoline to the crankcase. 

(4) It provides, in the crank pin, the fixed point 

against which the force of the explosion exerts 
itself in turning the engine. 

Crankcase 
The crankcase is made of two steel stampings bolted 
together by steel bolts and centered by dowel pins. It 
has nine apertures disposed symmetrically around its 
periphery to accommodate the nine cylinders, each of 
which is gripped tightly by the two parts of the crank- 
case and is prevented from turning by a small key. It 
is not directly supported on the crankshaft, but carries on 
its faces plates or covers, known respectively as the cam 
box and the thrust box. The thrust box contains the main 
ball race and a self-aligning double thrust race. The 
cam box contains the planet gears and the cam pack 
which actuates the exhaust valves, and one radial ball 
race. The nose piece which carries the propeller is 
mounted on the cam box. 

Cylinders 

The cylinders are numbered one to nine consecutively 
in a clockwise direction as seen from the propeller end 
of the engine. The order of firing is 1 , 3, 5, 7, 9, 2, 4, 6, 8. 
They are made of nickel steel machined from the solid 
and each has an exhau^^t valve in the head and a series of 
inlet ports around the base. The key referred to above 

T.B.e. 



Fig. 1, The 100 H.P. Gnome 




216 



TEXTBOOK OF AERO ENGINES 



is fitted between two shoulders which are turned around 
the base of the cylinder. These together act as a means 
of fixing the cylinder in the crankcase. 

Pistons 

The pistons are of cast iron with slightly concave 
heads. A portion of the trailing edge is cut away to 
allow the piston in the adjoining cylinder to clear. Each 
piston is fitted with an obturator ring in a groove around 
its top. A packing ring is fitted behind the obturator 
ring and in the same groove. A wipe ring which is made 
of cast iron is also fitted in a groove situated just below 
the obturator ring. The position is fastened to its con- 
necting rod by means of a hollow steel gudgeon pin fixed 
in lugs on the underside of the piston head by means of a 
tapered set screw. 



Piston clearance 
Wipe ring gap 
Obturator ring gap 
Packing ring gap 



= 0.2 mm. 
= 0.5 mm. 
= 1 mm. 
= 2 to 4 mm. 



Connecting Rods 

The connecting rods are made of special alloy steel. 
There is one master connecting rod, to which the eight 
auxiliary connecting rods are attached by means of wrist 
pins. All the rods are of H section and the auxiliary 
rods are bushed at both ends with phosphor bronze 
bushes. The master connecting rod big end runs on two 
ball bearings; its small end is bushed with phosphor 
bronze. In some engines a light steel pipe is fitted to 
each connecting rod and this conveys oil from the big end 
to the gudgeon pin. 

Valves 

The single valve in the cylinder head performs the 
following functions: (a) It acts as an exhaust valve. 
While so doing its temperature is raised, (b) It admits 
to the cylinder a quantity of air sufficient for the com- 
bustion of the charge entering later through the ports 
at the base of the cylinder. During this portion of the 
cycle it is cooled. The valve is mounted in a steel cage 
which also carries the rocker arm fulcrum pin, and is 
mechanically operated by means of a hollow steel tappet 
rod and steel rocker arm. The valve stem slides in a 
cast iron bush at the center of the cage which is held in 
position by means of a locking ring screwed into the 
cvlindcr head. The valve is made heavier than is neces- 
sary for mechanical strength and is of such weight as to 
balance the centrifugal action of the tappet rod which 
would otherwise tend to keep the valve open. The valve 
spring consists of a looped wire, the looped end of which 
engages the fulcrum post and the midlength part of which 
is coiled around the fulcrum of the rocker arm. The free 
ends of the looped wire bear underneath a cross pin 
passing through the valve stem. In later type engines 
the valve spring is made spiral and encircles tlie valve 
stem, taking its bearing against the valve cage and a 
detachable collar on the valve stem. The valves are 
operated by the cam track which consists of nine cams 
keyed to a bronze bushed sleeve rotating on the small 
end of the crankshaft. The cams operate the tappet rods 



wliich work the overhead rocker arms. Each tappet rod 
is formed of a tappet and a rod joined together. The 
tappet works in a guide in the cam box, and at its inner 
end is a roller which bears against the cam. Tlie tappet 
rod extends from the joint to the rocker arm of the ex- 
haust valve, and is adjustable. The cam track is driven 
at half the engine speed by planet gears, which are fitted 
on the inner face of the cover of the cam box. It must 
be remembered that the engine is running at twice the 
speed of the cam track so that the rollers at the bases of 
the tappet rods are overtaking the cam track the whole 
time. This causes the tappet rods to be lifted as they 
pass over the cams and thereby to open the valves. The 
clearance between the rocker arm and the bottom of the 
slot in the valve stem, when the tappet roller is at the 
bottom of the cam, as follows: Engine cold =;= 0.5 mm. 
In later type engines the rocker arm engages the valve 
stem by means of a roller which bears against the end of 
tlie stem. 

Cycle of Operations 

Starting with any cylinder on T.D.C. and the exhaust 
valve open, the cylinder moves forward drawing in pure 
air through the open exhaust valve until it is 45° before 
B.D.C. at which point the exhaust valve closes. The 
cylinder then moves forward creating a partial vacuum 
until it is 20° before B.D.C. At this point the ports in 
the base of the cylinder are uncovered by the piston and 
rich gasoline vapor enters from the crankcase, mixing with 
the air already there and forming an explosive charge. 
At 20° past B.D.C. the ports are again covered by the 
piston and the c^^linder moves around to T.D.C. on com- 
pression stroke. Ignition occurs 20° before^ T.D.C. and 
the cylinder moves forward on the power stroke until it 
is 90° past T.D.C. when the exhaust valve opens and 
remains open through the remainder of the cycle. 

Admission of pure air 0° to 135° 

Partial vacuum 135° to 155° 

Admission of rich gas 155° to 200° 

Compression 200° to 360° 

Power stroke 0° to 90° 

Exhaust stroke 90° to 360° 



^=2 Revs, 



Valve Timing 

Any cylinder, for example No. 1, is set in exhaust 
closing position, i.e., 60° before B.D.C, To get this 
position No. 4 cylinder is set vertically upright. The 
tappet rod clearance is set, and the cam track is turned 
anti-clockwise until the cam is just about to lift the 
tappet rod. Then the planet gears are meshed. The re- 
maining tappet rod clearances arc set and the valve 
closing positions are checked for each cylinder, i.e., 60° 
before B.D.C. This refers to a cold engine, while the 
diagram refers to the actual cycle of operations when 
the engine is hot. 

Ignition Timing 

Any cylinder, for example No. 1, is set in ignition 
position, i.e., 20° before T.D.C. on compression stroke. 
To get this position No. 5 cylinder is set vertically down- 
wards. The magneto is turned so that the points are 
just breaking and the magneto driving gear- is meshed. 
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The distributor is wired to the plugs. The timing of 
the engine is then completed. 

Magneto 

Tlie magneto is mounted on the face of the back plate 
remote from the engine. Its driving spindle projects 
through the back plate and carries a small spur wheel 
which is driven by a large wheel keyed to the thrust box 
casing. The gear ratio is four to nine, i.e., the magneto 
armature makes nine revolutions to four of the engine, 
and as the magneto gives two sparks per revolution there 
will be nine sparks in two revolutions of the engine dur- 
ing which period each cylinder will have completed one 
cycle. The current is conveyed from the magneto in the 
following manner: — From the magneto the current 
passes by a high tension wire to an insulated brush holder 
fitted on the back plate. A sensitive spring keeps a 
carbon brush in the brush holder in contact with the 
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distributor which is mounted on the outside of the thrust 
box. The current is then taken from the segments on the 
distributor to the spark plugs through thin brass wires. 
Tlie distributor revolves with the engine, and its function 
is to insure that the current generated by the magneto 
reaches the cylinders in proper sequence. 

Carburetion 

In tlic carburetion system of this engine, gasoline is 
j)ressure fed from a tank through a main gasoline tap 
and a fine adjustment valve into a copper pipe within the 
cranksliaft. From a jet situated in the hollow big end 
of tlie crankshaft, the gasoline issues into the crankcase. 
Air is drawn in through the open big end of the crank- 
shaft, tlie small end of which is clo.sed with a gim-metal 
plug. A forced draught is induced into the large end 
of the crankshaft through a funnel shaped intake, the 
mouth of which faces in the direction of flight. This 
applies equally to tractor and pusher installations. The 
vaporization is further assisted by the churning action 
of the connecting rods and the heat of the engine. The 
gas is drawn from the crankcase through ports in the 
base of the cylinders when these ports are uncovered by 
the piston towards the end of the suction stroke. 

Lubrication 

This is by pressure and centrifugal force combined. 
There are two leads, " C " and *' B," equal in size. 

" C '* lead: The oil is pressure fed from the pump 
into a copper pipe inside the crankshaft, and about one- 
third flows through a branch into the thrust box, oiling 



the thrust ball race and main engine ball race. The sur- 
plus oil overflows into the crankcase through holes drilled 
for this purpose, and passes on to the cylinder walls 
through the ports in the base of the cylinder. The main 
supply of oil passes up the big crank web through a 
hollow plug in the center of the hollow crank pin, down 
the short end crank web into the hollow short end of the 
crankshaft, from whence it is conveyed by a series of 
holes to the cam track. The oil then passes through 
grooves in between the cams and is thrown centrifugally 
over the interior of the cam box, lubricating the cams, 
cam rollers, tappets, planet gear wheels, and the cam 
box and nosepiece ball races. The oil then overflows back 
into the crankcase and passes on to the cylinder walls as 
in the case of the overflow from the thrust box. Some of 
the oil also passes along the hollow tappet rods to the 
rocker arm pins. 

'* B " lead : The oil is pressure fed from the pump 
into a second copper pipe inside the crankshaft, and 
flows up inside the long end crank web into an annular 
space around the brass plug in the long end crank pin 
and out of holes in its balls to two grooves or channels 
cut in the ends of the bore of the master connecting rod 
big end. Holes are drilled from these grooves to each 
wrist pin and the wrist pins are drilled to correspond 
with these holes, so that the oil may pass through to 
lubricate the wrist pin bushes. From these the oil passes 
into steel tubes (which are fixed to the connecting rods) 
and along the tubes, oiling the gudgeon pins and bushes. 
In later type engines, the steel tubes are dispensed with, 
and the oil passes along the face of the connecting rods 
to the gudgeon pins and bushes. The overflow from the 
gudgeon pins passes through holes in the side of the 
jiistons, and lubricates the rings and the cylinder walls. 
The surplus oil is blown out through the exhaust valve 
and lubricates the exhaust valve guide and stem. 

Pressure Pump 

The pump for forcing air into the gasoline tank to ob- 
tain a j)ressure feed is of the reciprocating two stroke 
type. The pump is composed of a casing forming a 
crankcase in which is mounted a small crankshaft and a 
worm and worm wheel drive; and a cylinder in which is 
mounted a piston fitted with piston rings and connected to 
the crank pin by a connecting rod. The worm drive is 
geared 12 to 1 of the crankshaft, and 9 to 4 of the engine; 
5.3 revolutions of the engine therefore give one delivery 
of air. The cylinder is formed with cooling fins and has 
automatic non-return inlet and exhaust valves in its head. 
On the down stroke of the piston air is sucked into the 
cylinder past the inlet valve, and on the upstroke of the 
piston the air in the cylinder is compressed and forced 
past the exhaust valve which has a nipple connected by 
tubing to the gasoline tank. The pressure pump is 
mounted on the engine back plate between the oil pump 
and the magneto and below the engine crankshaft and is 
driven from the same large wheel. 

Oil Pump 

The oil pump is similar to that used on the Gnome 
engine, excepting that the bore of the two pump barrels 
is the same, 12 mm. 



THE "LE RHONE" no H.P. 



General Data 

Number of cylinders 9 

Bore of cylinder 112 mm. 

Stroke 1 71) mm. 

Torque re-action at l,'i!H) r.p.m 129 li.p. 

Torque re-action at 1,200 r.p.m 127 h.p. 

Useful h.p. deducting windagi^ 

Useful li.p. at 1,250 r.p.m 112 h.p. 

Useful h.p. at 1,200 r.p.m 112 h.p. 

Petrol consumption at 1 10 b. h.p. 7^3 pint per h.p. per hour 

Petrol — specific gravity 072 

Volume of compression space H7 cu. c.m.s 

Stroke volume of engine 1,672 cu. c.m.s 

Compression ratio 5:0 

Rotation of engine facing propeller anli-clockwisc 

Lift of exhaust valve 10.5 mm. 

Lift of inlet valve 10.5 mm. 

Diameter of inlet and exiiaust valve 15 mm. 

Clearance between rocking lever and inlet valve 

1 ,0 to 1 .2 mm. 
Clearance between rocking lever and exhaust valve 

0.8 to 1.0 mm. 

Piston ring cap 0.3 mm. 

Clearance between ring and piston groove 0.1 mm 

Magneto rotation Clockwise 

Magneto speed at 1,20(J 2,700 r.p.m. 

Magneto speed at 1,250 ,. .2.812 r.p.m. 

Magneto advance 20° to 26° 

Tachometer speed at 1,2011 2,160 r.p.m. 

Tachometer speed at 1 ,250 2,250 r.p.m. 



Mi§ 


i 


^ 


} 


U'f. * 


(■ 


it 
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Tachometer rotation Clockwlsf 

Order of firing cylinders 1 , 3, 5, 7, 9, 2, *, 6, 8 

Inlet valve opening past top dead center 30° 

Inlet valve closing past bottom dead center 30° 

Exhaust valve opening before bottom dead center 

40° to 45° 

Exhaust valve closing past top dead center 16° 

Lubricating oil castor oil 

Lubricating oil specific gravity 96 

Lubricating oil consumption 9 to 10 pints per hour 

Weight of engine with oil pump and magneto. . . .823 lbs. 

Fixed Part 

The fijted part consists of a hollow crankshaft, which is 
keyed to and supported by the main bearer plate. The 
main bearer plate is rigidly fixed to the forward support 
of the aeroplane by means of bolts, whilst the centralising 
plate, fixed to the rear sup|>ort of the aeroplane, carries 
tile end of the crankshaft. 

The crankshaft projects in front of the main bearer 
plate, and the whole of the rotating parts are mounted 
on its support, but are free to revolve. 

Various accessories, vin. ; — The magneto, the oil pump 
and the brush holder are carried on the main bearer plate. 
The carburetor is fixed at the extreme end of the crank- 
shaft, througli which passes the vaporized mixture into the 
crankcase and thence to tiie cylinders. 

The crankshaft is extended in front by a short end 
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bricating arrangements are entirely contained in 
shaft. 

Rotating Part 
stating part oonsists of: — Tlie crankcase, the 
f connecting rods and pistons, valve gear and part 
n arrangements. 
rase: — The crankcase carries a medium nose in 

which is fitted the propeller hub. On the back 
rankcase is fitted the back cover, to which is 
the cam driving gear wheel and the magneto 
;ear wiieel and the distributor. The whole turn 

crankshaft on three journal ball bearings. The 
lese is of the double row radial and performs the 
1 function of absorbing the propeller thrust. 



Cylinders 

The cylinders are screwed into the crankcase and se- 
cured with locking rings. The interior is provided with a 
cast iron liner, which is put in under pressure. In the 
cylinder head are situated the seats for both inlet and 
exhaust valves, which are interchangeable. The inlet 
valve guide seating is screwed into the head of the cylin- 
der. These valves are brought back to their seats 
by very light springs, which ensure their operating 
when starting up; when up to speed, centrifugal force 
brings them back to their scats. The valve rocker 
operates alternately the inlet valve and the exhaust valve, 
by reason of its oscillating motion in the valve rocker T 
piece which is fitted with ball bearings. On this rocket 




Section L«r Rhone 110 
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is fixed a lever operated in turn by the valve rod. Tlie 
induction pipes, each in two pieces, convey the carbureted 
mixture from the crankcase to the inlet valves. 

Connecting Rods and Pistons 

The connecting rods are connected to the crankpin by 
the connecting rod thrust block, whcih is made in halves 
running on two ball bearings mounted on the crankpin. 




nin qramahc s:kp.trh gf nilincf Si ^stem. 

Three sets of tlirec connecting rod heels, each set being 
of different size, slide in annular grooves lined with 
bronze, which are provided in the connecting rod thrust 
block. This arrangement allows the connecting rods to 
rock relatively to one another. Nine screws hold the 
halves of the thrust block together. 

The pistons are of aluminum fitted with two phosphor 
bronze bushes. The gudgeon pin is of the floating type 
and is prevented from rubbing the cylinder walls by means 
of two circlips, wliich are fitted into grooves in the bushes. 
There are five piston rings which are of special steel. 

Valve Mechanism 

The vnlve mechanism consists of two cams, one induc- 
tion cam and one exhaust cam operating nine cam rockers, 
each connected to its valve rod. The rockers receive 
oscillating motion caused by contact of the induction cam 
rollers and the exhaust cam rollers on their respective 
cams. It will be seen that centrifugal force acting on the 
valve rod will tend to keep the induction cam roller hard 
on its cam. This consideration is very important, and the 
value of it will be understood in connection witli the setting 
of the valve timing. A cam is fitted on each side of the 
cam boss which is free lo rotate upon the ball bearing 
mounted on the crankshaft. On the back cover is bolted 
a gear wheel having Si teeth, which is in mesh with a gear 
wheel of 60 teeth cut internally, which is mounted on the 
cam boss to keep the gears in mesh. The ball bearings 
are mounted eccentrically, the amount of eccentricity cor- 
responding to the difference in the radius of the gear 
wheels. 

The profile of each cam is repeated exactly five times 
round the periphery. This profile combined with the 
eccentricity and the centrifugal force of the valve rod 



gives the nine rockers the necessary motion at the moment 
of opening and closing the valves. 

Ignition 

To the main bearer plate is attached the magneto, the 
pinion (16 teeth) of which is driven by a gear wheel which 
rotates with the crankcase. The magneto is provided witli 
a contact breaker determining the point of ignition, whici 
is the same for all the cylinders. A high tension win 
conducts the current to the brush holder, wliich is also 
fixed on the main bearer plate. 

The brush in the brush holder works on the surface of 
the distributor, which is fixed to the back cover and hv 
nine separate segments. A bare brass wire is earrioi 
from each of these segments to the corresponding spark- 
ing plug fitted to the cylinder. 

Referring to the order of firing in the cylinders it >ill 
be seen that the distributor must only transmit the currcnl 
alternately and in the order 1, S, 5, 7, 9, 2, 4, 6, 8, each 
point of ignition corresponding to the moment wheo tht 
platinum points of the magneto separate. 

Lubrications 

The oil pump as previously stated is fixed on the main 
bearer plate the spindle of which carries a pinion alw 
driven by the gear wheel fixed to the back cover. 
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The oil is conducted by a pipe to a onion on the top of 
the main bearer plate; it penetrates the crankshaft and 
flows through a channel arranged in the aluminum oiling 
sleeve, from which it passes through oil boles drilled 
through the crankshaft into the crank wcb and crankpin. 



LORRAINE- DIETRICH 



During the early periods of the war France was con- 
nted with the necessity of rapidly developing new types 
1 continually larger sizes of aero engines, and amongst 
best that had been constructed in France are the 
rraine- Dietrich which were developed by M, Barbareau 
I his confreres. The earliest type of Lorraine-Dietrich 
'eloped for aviation purposes was the six cylinder 110 
The general design and characteristics are frankly 
same as the six cylinder Mercedes aviation motor de- 
oped in Germany during 1912-13, 

Bore 120 mm. 4.72 in. 

Stroke 1 tO mm. 5.52 in. 

Weight 195 k.g. *30 lbs. 

j'Fuel 
Hourly consumption-^ Oil 

I Angular Speed 

The principal difference between the Mercedes and the 
rraine- Diet rich engines lies in small details of construc- 
1 such as the substitution of tubular connecting-rods for 



the " I " beam section rod used in the Mercedes, minor 
changes in the camshaft housing and lubrication system. 
The general design of the 110 h.p. 6 cylinder Lorraine- 
Dietrich engine is indicated in the longitudinal elevation 
drawing Fig. 1. 

As the necessity for increasing sizes of engines arose 
the Lorraine- Diet rich Co. at first resorted to the expedient 
of developing an eight cylinder V type engine of the same 
bore and stroke as the first six cylinder, namely 120 mm. 
bore and 140 mm. stroke which gave nominally 160 h.p. 
By means of various refinements and improvements in de- 
tail the power was raised to 180 h.p. This particular 
type and size of engine was manufactured not only by the 
Lorraine- Diet rich, but also by Clement Bayard and also 
the Ciregoire Company. 

In 1917-18 the development and manufacture of con- 
siderably larger engines was undertaken which in many 
respects included radical departures from previous prac- 
tice and the principal characteristics of these engines are 
given in the following table: 
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Connecting Rods 

The connecting-rods for the 120 mi 



machined from chron 
tubular in form and ;i 



bore engin* irt 

L-kel steel. The rod bodv u 

le in the center 




General Description 
Cylinders 

Fig. 2 is a section talcen at right angles in tlie cylinder 
bore of the Lorraine- Dietrich cylinder. The cylinders in 
the Lorraine-Dietrich engine are machined from liollow 
steel forgings the valve elbow pieces being machined from 
forgings and welded into receiving li|).s in the cylinder 
crown. Each pair of cylinders is encased in a single 
jacket of light sheet steel which is welded to a flange at 
the bottom of the water-jacket to the spark plug bosses 
and valve port elbows. The cylinder heads are counter- 
bored on either side to provide clearance space for the 
intake and exhaust valves. There is only one pair of 
valves per cylinder. The exhaust valve guide has a water 
jacket extending to the back of the stem and both valve 
guides carry light steel bushes. 

Pistons 

The pistons in the Lorraine-Dietrich engines are 
aluminum die castings carrying three rings above the 
gudgeon pin. An elaborate scheme of lubrication is pro- 
vided in the piston to carry oil to the heavily loaded guide 
portion of the piston. Oil is fed from the gudgeon 



l''i(r. 3. Cumroiis for 13-cylin(ler type Loi 



of the rod serves to convey oil from the big ends to Iht 
gudgeon pins. The tubular section is 2B mm. outsidt 
diameter and the tube wall thickness is ilfs mm. Tlit 
connecting-rods in tlie V type engines are of the straddli! 
form. The top end is bushed with phosphor bronze and 
the big ends are bushed with babbit lined phosphur 
bronzed. The inner rod bears directly on the crankslwfl. 
The straddle rod being bushed with phosphor bromni 
rings wliitli bear on the exterior cylindrical hubs of the 
inner rod big ends. 

In the W ty(>e engines the center row of cvlinders 1i»it 
the master rods. The rods of the two outer row of ' 
cylinders bear on tlie outer surfaces of the niBNter wJ 
and less than Vj of its circumference and are held to it b) 
two circular steel rings bolted together longitudiiull;t 
the rod bodies in the ease also being tabular in fonn. 
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case attached to the cylinder port elbow forgings by 
means of long studs. Rocker arms are interposed be- 
tween the camshaft and valves which multiply the cam 
lift 1.2 to 1 at the valve stems. 

Distribution Gearing 

Ball spur and bevel gears are used in the distribution 
gearing. Bevel gears serve to transmit the drive to the 
camshafts, water and oil pumps. The magneto drive 
shaft axis is parallel to the crankshaft axis and symmet- 
rically disposed immediately above the crankshaft at the 
distribution gear end of the engine. All the shafts are 
hollow and in many cases have pinions on gears formed 
Integrally with the shaft. 

Camsliafts 

The camshafts are of S5 mm. dia. and have a 20 mm. 
hole straight through which serves as a gallery for dis- 
tributing oil to the camshaft bearings and rockerarm 
rollers. The shafts are flanged at one end to take the 
distribution gear which is retained by six short steel bolts 
of 6 mm. dia. each. 



Twaey jjcfTMy 



Fip. 5. Power and fuel consumption curves 

3 is the connecting-rod group of the 12 cylinder 
rpe 425 h.p. engine. Tlie big end construction is the 
ition of M. Barbareau. 

Cranlcshafts 

the 120 mm. bore engines In all cases there are a 
of cranks between two main bearings. The crank 
:s are hollow, a large square section cheek being in- 
)sed between the adjacent cheek pins through which 
red a large diameter Jiole. Crank shafts In the 250 
350 12 cylinder h.p. engines have 63 mm. diameter 
t pins and main bearings. The propeller end of the 
: carries a double ball thrust bearing and has a taper 
and keys to mount the propeller huh. The rear end 
ie crankshaft which is the distribution gear end is 
ed to carry the master bevel and spur distribution 
i beyond which there is mounted a ball thrust bearing 
ke the bevel gear thrust loads and an annular roller 
ing to support the extreme end of the shaft, 
the W type 12 and 2t cylinder engines there are 
and eight crank throws respectively. Fig. 4 illus- 
s the crankshaft and connecting-rods of the 425 h.p. 
;pe engine. 

Valves 
lere are in all cases two valves per cylinder with 
stems inclined 15° on either side of the cylinder 
the upper end of the valve stem being threaded to 
the spring plate and lock nut. The valves are op- 
^d by means of a single camshaft lying in an aluminum 




Fig. 6. Timing diagram 350 H.P. 

Carburet ion 

M. Barbareau has refined and developed the Zenith 
Type Carburetor and invented the double venturi tube 
principle which is now standard on all Zenith aircraft 
carburetors, and has also developed the Lorraine-Diet- 
rich altitude fuel compensating control which consists of 
a rotary barrel valve in the feed line between the float 
chamber and the jet nozzles. 

On the 250 h.p. 8 cylinder Lorraine-Deltrlch the car- 
buretors are symmetrically disposed on either side of the 
engine alongside of the base pan. A large tubular cop- 
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Fig. T. Epicyclic reduction gear 

per pipe passes between the cylinder blocks on either 
side of the V and feeding into a double set of aluminum 
" Y " branched pipes which are bolted on to the inlet 
port elbows. This arrangement of carburetors permits 
having the carburetor outside of the motor V where they 
are very accessible and also the exhaust manifolds at the 
outside of the V so that when the engines are mounted 
in a plane the exhaust manifolds can be arranged on 
either aide of the fusilage well exposed to the air. The 
objection to exhaust pipes in the inside of the V is 
tliat the red-hot exhaust pipes continually scale and occa- 
sionally some of this hot scale is blown into the pilot's 
face, sometimes resulting in very severe burns. 

On the 12 cyl. 350 li.p. V type engine duplex carbur- 
etors are fitted in much the same manner as on the 350 h.p. 



engine. A single float chamber and 2 sets of mi 
chambers and throttles are formed in a single ca^l 
The manifold divides immediately above the carbur 
into two branches passing between the pairs of cylii 
blocks so that each mixing chamber supplies mixture 
for three cylinders through a Y branch aluminum msni 
on the inside of the V. 

On the 12 cylinder 425 h.p. and the 2* cyl. 1, 
h.p. W type engines the carburetors and inlet maoifi 
for the outside banks of cylinders are identically 
same as on the 8 cyl. 250 h.p. with Y branched manifc 
The center vertical bank of cylinders, however, is 
through a third carburetor placed in the V between 
riglit and center bank of cylinders (as "viewed from 
propeller end). The manifold for the center banli 
cylinders being in a simple T form feeding the four i 
porta. It would seem that the distribution of fuel for 
outer hanks of cylinders and the center bank woul( 
radically different with such radically different i 
manifolds. 

Fig. J is the Lorraine- Diet rich power and fuel 
sumption chart for the 250 h.p. 8 cylinder engine. T 
curves are representative of the average production 
gine, but do not represent the best results that cai 
obtained with these engines. 

Ignition 

The ignition system on all of the Lorraine-Diet 
engines is a bit unusual. In every case a pair of I 




Fig. 9fi. Diagram 160 H.P. I, 
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Fig. 8c. Installation of Lorraine 
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l''ig. !)u, Sb. tjiclc an<l end view X 



ti'iision niiifirnctos are orrnn^jed on it ])Iatform nl tlie dis- 
triliiition gear end of tht divine driven by slinfts |virallt^l 
to the oniiik sliuft axis tlirmigli .si»nr pcuriiig. The dis- 
trihutors liowcvt-r arc plai-t'd on tlie distribution )i<.'ar end 
of tbf camstinft liousin;;. Tlit-ri- iirv- 'i plugs ]»-r ciliit- 
(Icr firing syndiniiiimsly. Thi" plug.s Ih'iiij; cross wired 
from til.' diHtribiitor iicmls .so tiiat in tbe cvt-nt of a fail- 
ure of OIK' ni.'itriii-to or <in<' distrihiitor tlx' operation of 
tilt' I'ngim' may not be intt-rruptt'd. Tlif original ignition 
syslcni consislcd of Annrican built Dixir magnetos and water luimi) is 
I.orraim-Dielricli tlislrilmtors. tbe Kiagm-to ignition was a pair of ln-v. 
towards tin- latter pari of 1iH« in f«vor of tlif Water is led ft 



Deleo generator and distributor system, such as was •!►• 
)ilied to tbe Liberty engine. 



Tbe <■.! 
trifngal i 



1 up 



Cooling System 

ig s_v>ileni consists of a single impeller cei- 
-r pump baving two discharge outlets and is 
lically on the oil pan at the distribution gtu 
■ngine. The vertical shaft which drives thr 
is driven irnm the crank shaft by means of 

1 gears of approximately IS mm. «p4«. 

[)m the pump to a connection between t»A 
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Ki(r. Sc. iW H.P. Lcirralm- 




Kig. !1<I. .'oV U.V. Lorniino-Dklrkh 
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Kig. lU. iii I1.P. Lurmine-Dietrich 




Fig. 11. Lorruinu Uktricli in^tuUution in Vuisiii bipli 
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cylinders by means of a copper manifold, the 
ion between the cylinder and the pump being made 
er hose and conventional clamps. The water out- 
>m the jackets are placed at the tops of cylin- 

every case and carefully arranged so that there 
no possibility of steam pockets or places within the 

where sluggish circulation may occur. 

Lubrication 

lubrication of oil under pressure is insured by two 
rating plunger pumps placed on the center of the 
nd driven by means of a horizontal shaft whose 
parallel to the crank shaft and immediately below 

a pair of bevel gears from the water pump shaft, 
gallery is placed in the oil sump from which oil is 

to each of the main bearings through small copper 
he oil tubes leading to the bottom of the bearings. 
le propeller end bearing a six m/m copper tube leads 
Tank case dividing outside of the crank case into 
inch pipe which serves to convey oil to the hollow 
fts. Returned drains from the camshaft housing 
the distribution gear and shaft housing on the one 
the engine and through a 20 m/m Y branch pipe 
ding the pressure feed pipes at the propellor end 
engine. Oil is fed from the main bearings into 
low crank shaft to the straddle type connecting 
rings and thence through small tubes in the cen- 
:he circular section connecting rod bodies to the 
I pin bushings and cylinder walls. 
ir chamber and a pressure relief valve are fitted 
mmp. The function of the air chamber being to 
out the pulsations of the reciprocating pump and 
jsure relief valve being fitted to avoid the possi- 
' unduly high pressure when starting up with cold 
h might burst the oil pipes or connections, 
ig diagram for the 8 cylinder 250 h.p. engine is 

Fig. 6. 
^ is a drawing of the single train epicyclic reduc- 
r as fitted to some Lorraine-Dietrich engines. An 
gear ring is bolted to the nose of the crank case, 
met carrier has a tubular extension mounted 
■ic with the crank shaft to which the propellor 
leld in by splines, tapers and a differential lock 
iie driving gear is keyed directly to the tapered 



extension of the crank shaft concentric with the planet 
carrier and the propeller hub. The construction is ex- 
tremely compact and ingeniously worked out but suffers 
from the general inability of this type of reduction gear 
which makes it impossible to secure reductions below about 
%o of the normal crank shaft speed. 

Fig. 8-A is the longitudinal sectional drawing of the 
160 h.p. Lorraine-Dietrich engine. 

Fig. 8-B is the transverse section of the same engine. 

Fig. 8-C shows the engine mounting of the Farman 
biplane. 

The Lorraine-Dietrich engines were very widely used 
by the French during the war. The following table giv- 
ing the names of planes thus fitted and the engine sizes 
utilized. 



HORSE POWER 

350 425 

250 350 

425 

250 

250 



NAME 

Farman 150 

Voisin 250 

F. B. A. Boats 160 

Dumet Hydroplane 160 

Fr. Gov. Type A. L 250 

Fr. Gov. Type A. R 250 

Nieuport 250 

Letord Bimotor 250 



From the above table it will be seen that the Lorraine- 
Dietrich engines have been used in a considerable number 
of different type planes and reports indicate that they 
were most excellent engines. 

Fig. 9A-9B are two views of the 250 h.p. Lorraine- 
Dietrich engine which very clearly illustrate the general 
features of construction. 

Fig. 9C-9D show the radiator mounting in the V of 
the engine together with the cowling over the cylinders. 
This arrangement is extremely compact and was used 
in the French Government Type AL planes. 

Fig. 10 illustrates the 425-12 cylinder W type 4 crank 
engine, illustrating the magneto, distributor, carburetor, 
and water pump mountings very clearly. 

Fig. 11 is the illustration of the Voisin twin-motored 
Bomber showing the clever engine cowling and peculiar 
squirrel cage type of radiator mounted in the V oi tne 
engine. The engines are of the 250 h.p, tvpe. 



THE 200 H.P. PEUGEOT 



The 200 horsepower Peugeot Aviation Motor is of par- 
ticular interest to American engineers because of the re- 
markably successful racing cars which have been con- 
structed by the Peugeot Company for four years prior to 
the war. The various sizes of these motors are given in 
the following table: 

Four-cylinder Peugeot Racing Motors: 

Bore Stroke 

No. 1 113 mm. 200 mm. 

No. 2 100 " 180 " 

No. 3 92 " 169 •' 

No. 4 80 '■ 160 •■ 

All of these motors, excepting the No. 1, were built with 
the same characteristics, comprising 4 cylinders, cast en 
bloc, with 4 overhead Inclined valves per cylinder, operated 
by two cam shafts. The cam shafts were carried in two 
aluminum cases which were separated from the cylinders 
by means of steel shouldered studs. At the forward end 
of the engine there was a train of spur gears connecting 
the cam shafts to the crank sliaft. Each of these gears 
was mounted on a double row annular ball bearing. The 
crank cases were of the barrel type and the crank shaft 
was supported on three annular ball bearings. The 
pistons were machined out of solid steel bars and were 
drilled for lightness. With the development of these 
motors came the dry sump lubrication system, which has 
since been widely copied by many manufacturers of racing 
automobile motors and aviation motors. These Peugeot 
motors were the first European engines to give high 
specific power (that is mean effective pressures of over 
110 pounds per square inch). 



Owing to the remarkable success of these motors k 
road and track races, it was assumed that the design 
would afford an excellent foundation for an ariatim 
motor. This, however, proved to be only partially tmr. 
and a long series of experiments were carried out befort 
the Peugeot Company had built an aviation motor vhki 
was able to hold its power and to avoid mechanical troubin 
during a 50-hour run. The design here below deseribeJ 
is the result of this work. 



Cylinders 

In Fig. 1 is illustrated a longitudinal section through 
the Peugeot cylinder block and cam shaft casing. Four 
cylinders of 100 mm. bore and 180 nam. stroke are cast 
en bloc with the water jacket. Large core openings an 
arranged at either side and at both ends of the block wbich 
are closed by means of aluminum plates screwed to cylin- 
der jacket. Four valves per cylinder are used, as was 
common to Peugeot racing car distribution. The valves 
have a port diameter of 44 mm. and an outside diamdei 
of 46 mm. In the racing car motor of the same siie, tbe 
inlet valves were somewhat larger than the exhaust, 
namely, 52 mm. in diameter. The combustion chambers 
of this cylinder are not machined. The valves have 
stems of three diameters, the lower portion next to the 
valve head being 12 mm. in diameter. The main guide 
portion of the valve is 10 mm. in diameter, and the upper 
end of the valve stem is reduced to 8 mm. The valves 
operate in bronze guide bushings which are pressed into 
the cylinder. Two springs per valve have been found in- 
dispensable to satisfactory valve operation for high speed 
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motors, the inner or secondary spring having a different 
period of vibration from the outer spring. 

Pistons and Connecting Rods 

Fig. 2 is a tranverse section through the motor. The 
pistons are 100 mm. in diameter and 90 mm. tung, and are 
machined from solid forgings. Each piston carries two 
rings. The center portion of the piston head is globular 
in form and has a thickness of 4 mm. Below the ring 
grooves the thickness of the skirt is reduced to one mm. 
The waist of the piston about tlie piston bosses is reduced 
in diameter to avoid difficulties through expansion and dis- 
tortion at this point. The piston pin bosses carry bronze 
bushings. The piston pin has an outside diameter of 21 
mm. and a hole drilled straight through of l-tmm. These 
pins are lubricated by spray thrown off by the big ends 
of the connecting rods. They are clamped into the top 
end of the rod and oscillate in the piston pin bushings. 
The connecting rods are of the forked type and are 
machined out of B N D steel. The shank of the rod is 
an' I-beam section; the flange and web having a thickness 
of 2 mm. The center connecting rod big end is finned to 
assist in cooling the big ends. Big end bushings are bab- 
bit lined bronse shells. Connecting rod centers arc 295 
mm., giving a connecting rod to stroke ratio of 1.64 to I. 
The crank shaft is mounted in three large double row ball 
bearings, which in turn are seated in bronse cases, retained 
in the crank case by means of long cap screws and spring 
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wasliers. The crank shaft is made in two sections filled 
together at the center main bearing by means of a tsper, 
key and retaining nut. This construction is necessitatot 
by the use of a ball bearing in the center of the crank 
shaft. At the rear end of the crank shaft there is kejed 
onto a taper, a reduction gear pinion having a face 55 mm. 
wide and approximately I?0 mm. pitch diameter. The oil 
is carried from the ball bearings to the crank pins by 
means of pressed brass banjo-drums, and thence through 
channels drilled in the crank pins. At the forward end of 
the crankshaft there is mounted a spiral pinion for driving 
the oil pump, and a hand starting reduction gear and 
starting magneto gear. A train of spur gears, illustrated 
in Fig. 3, is also arranged at the forward end of the motor 
for driving the cam shafts, magnetos and water pump. 
This train of gears is driven from a master pinion moooted 
on an extension of the propeller shaft whose axis is in the 
plane with the crank shaft and immediately above it in 
the crank case. The propeller shaft reduction gear is 
mounted in two annular ball bearings, one of them s 
double row bearing. These bearings are spaced about 
350 mm. apart. There is also provided a double ball 
thrust bearing to take the propeller thrust. The propeller 
shaft has a hole 25 mm. in diameter drilled through its 
entire iengtli. 

Lubrication 

The lubricating system, as before stated, is the dry 
sump variety, of which the Peugeot Company was the 
originator. The oil is drawn off from the base by means 
of a double gear pump. After having been filtered and 
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cooled in an oil radiator it is pumped to the main ball 
bearings and various auxiliary shafts. Oil is led to the 
centers of the hollow camshaft and ia distributed under 
pressure to the camshaft bearings. After passing tlirough 
the camshaft housing the oil is returned to the crank 
chamber via forward end timing gear housing. 

Valve Operating Qear 

The cams operate the valves by means of intermediary 
push rods which are of different form for the inlet and 
exhaust valves. The camshafts are offset 3 mm. from the 
valve axis. A very complete idea of the valve arrange- 
ment and operation may be had by referring to figure 2. 
The valve timing, illustrated by Fig. 4, is quite conven' 
tional; the inlet valve opening at 11 degrees and H min. 
after the top dead center, equivalent to 3 mm. of piston 
travel, and closing at iG degrees and 7 minutes after the 
bottom dead center, equivalent to 21 mm. of piston travel. 
The exhaust valves open at 52 degrees and 30 minutes 
before the bottom dead center, equivalent to 36 mm. of 
piston travel, and close at 7 degrees and 44 minutes after 
the top dead center, equivalent to l^ mm. of piston travel. 
There is one mm. clearance between the inlet push rods 
and valve stems. There is ii mm. clearance between the 
exhaust push rods and valve stems. The inlet valve cam- 
shaft has 8 integral cams. The exhaust valve camshaft 
has 16 cams; 8 of these being half compression cams which 
are put into operation by longitudinally displacing the 



camshafts in their bearings. The camshaft driving gears 
are retained on the camshaft by means of a taper, key and 
retaining nut construction. 

Exhaust Collector 

Light steel manifolds serve to connect the 8 exhaust 
ports of each of the cylinders to the central expansion 
chamber which has a stack at its rear portion inclined at 
an angle of 25 degrees from vertical so as to discharge the 
exhaust above the upper wing of the plane. 

Carburetors 

Each group of four cylinders is fed by a single car- 
buretor. The carburetors are similarly disposed on the 
right and left sides of the motor. These carburetors arc a 
development from the earlier type of Claude! racing 
carburetor. The sectional drawing of this carburetor is 
to be seen in figure 5. The throttle is of the barrel type 
and is so machined as to form the diffusion portion of a 
venturi tube, and is highly efficient when operating under 
full open conditions. There are two main fuel passages to 
the jets; one feeding through the compensating plug to 
the well P, which supplies the necessary fuel during idling 
and acceleration, and a second calibrated plug which feeds 
the fuel for the main supply. 

The inlet pipes are jacketed and are heated by means 
of exhaust gas. This no doubt is responsible in some 
degree for the remarkably low fuel consumption of this 
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motor. The minimum reading is 188 grams per h.p.^ or 
which corresponds to a thermal efficiency of more than 
30% (on the brake h.p.). 

Ignition 

The order of firing each group of cylinders is 1, 3, 4, 2. 
This particularly refers to the right hand group of cylin- 
ders. The firing order of the left hand group of cylinders, 
is 5, 7, 8, 6. The entire firing order is as follows : 



6 5 7 8 

13 4 2 

The ignition advance is 24 degrees crankshaft travel, 
which corresponds to 21 m. before the top dead center. 
Two SEV 8-cylinder magnetos are arranged for cross 
firing. 

In figure 6 the horsepower and fuel consumption curves 
of the Peugeot Aviation Motor are illustrated and in figure 
7 is a comparison with the theoretical. 



300 H.P. RENAULT 



The 300 h.p. eight cylinder Renault was developed at 
the same time as the 300 h.p. 8 cylinder engine. Many 
of its characteristics are the same, the cylinders being 
interchangeable with the 300 h.p. as are a number of other 
parts. The cylinder design is substantially the same as 
the Mercedes, Liberty, and the Lorraine- Diet rich. This 
type was successfully manufactured in .very large quan- 
tities during the war. 

General Characteristics 

The general characteristics are eight cylinder 12S mm. 
bore and 150 mm. stroke set in V fashion at 47'/^° from 
one another. The cylinders are welded together in pairs. 
The valves are operated by over-head camshafts and 



rocker arms. The distribution gearing is of the spiral 
and bevel type. Ignition is by means of 4 S. E. V. high 
tension magnetos. The engine is of the direct type and 
operates at 1,700 t.p.m. 

Cylinders and Valves 

Fig. 1 section through the engine clearly illustrates the 
general design of the cylinders and valve gears. There 
are two valves for each cylinder of 66 mm. in dia. in- 
clined in relation to the cylinder axis and the valve lift 
is 11 mm. Each of the cylinder barrels together with 
the head are machined from a hollow forging, after whicli 
the intake and exhaust elbows arc welded in place and 
finally a pair of cylinders are encased in a jacket which 
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Flp. v>. Anti-|iro|)elkr end view 
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A Mtandiird twii-lKilt lluiijce in used for all i 


■take iind ex- 


linujtt port eonueelions. These flanges art: 


erewed on to 


tlie port elbow-s whieli protrude tlirongli tlii. 


j ackets. 



Pistons 

Till- pistons arc iinnsuany sliort only »;> mm. in linj;th 
and art- east of alumintim. There are three oonetntrie 
east iron rings fittid at the upper end of Hie pisti.n whieh 
are pinned al the ring gap to prevent their rotation. The 
giLdgi.-on pin is -JK mm. in dia. and has a wall thieknesi of 
^\\i mm. The piston skirt has eighteen Ul-mni. iinles 



Fl(t. 4. I'ropclier end view 200 H.P, 

drilled into it, presumably for lightening. The weight of 
the pistons is 700 gms. 

Connecting Rods 

The eonneeting rodn are of the articulated type and tbc 
short rod is alternately arranged from the right to the left 
eyiindcr from the front of the engine to the back. The 
eonneeting rods are made of BND steel of I beam section 
with a flange and web of 2 mm. tliicknesa. The flanks 
are 'Zd mm. and the weh is .'ti mm. wide. In the short 
eonneeting rods both ends of the rod are alike. The rod 
centers on the master rod measure 300 mm. The rod 
eap is sceurc by means of three chrome nickel steel bolts, 
two 11 mm. in din. and one 14 mm. in dia. 

Crankshaft 

The crankshaft wliieli is of the four throw type is car- 
ried in three babbitt lined bronse shells which in turn are 
sceure<l to ribbed steel bearing caps. The crankshaft 
dia. is GO mm. throughout with the exception of the pro- 
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peller end bearing where the diameter is increased to lis 
mm. The crank pins and main hearings are T'IVj mm. 
long with the exception of the iirii]>eller end hearing which 
is 92 mm. long. The shaft jiins and crunk cheeks l>e- 
twcen 1 and -2 and .'J and i cylinders are drilled out linlluw. 
The front end of the crank shaft is spUned to mount the 
master aeccssory drive lievel gear. This bevel gear is 
free to float on the erank shaft and is provided witli a ball 
thrust bearing at its back face. 

The Crankcase 

The crankcase is east of aluminum and is comjmsed of 
four members in the top and the bottom half of the crank- 
case comprising an oil sump of 10 litres capacity, in which 
there is also cast an air channel through which air passes 
to the carburetors. The air passing through this channel 
serves to cool the lubricating oil and is heated fur the ear- 
buretion. There is a nose cap casting in the propeller end 
of the crank case in which the thrust bearings are mounted. 



These thrust laarings are of the ball tyjw, 
end of the engine there is bolted to the - 
distribution gear ease which is of alnmir 
is ])rovided with brackets and flanges to • 
netos and water pumps. 



At the t, 

Tijj* CI 
y four maj;' 



Camshafts 



islmfts 



arried in aluminum housing:* at- 
tached by means of studs to the tops of the cylinders and 
lie between the inclined valves. The eamshafts ar 
mm. in dia. and are drilled out so as to have a wall thick- 
ness of 2 mm. They are carried in five bearings jO mm, 
in dia. and 1 1 mm. wide. The bevel driving gear i^ at- 
tached to the rear end of the camshaft by means uf i 
taper, nut and key. 

Distribution Gearing 

The camshaft drives are by means of inclined bevel pir 
driven shafts. A vertical bevel gear driven shaft eitemii 
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7 the crank shaft axis on which is mounted two spiral 
{ which serve to drive three sets of spiral gears for 
lagnetos^ water pumps and oil pump. 

Cooling System 

vo separate centrifugal water pumps of identical de- 
are arranged symmetrically at the base of the distribu- 
gear case. Water is led from these pumps to the 
le bottom of each pair of cylinders by means of Y 
?hed copper pipes. These pipes are on either side of 
ngine and are easily accessible. The cylinder water 
ts are at the top of the cylinder inside the V of the 



le. 



Carburetion 



vo special Zenith carburetors supply the mixture, 
carburetor being placed at the outside of the en- 
bolted to the lower half of the crankcase and drawing 
Ir through a specially cast passage in the base. The 
are passes through a simple " T ** form of inlet mani- 
to the four cylinder inlet ports. The design of 
fold is not very efficient, giving excellent distribu- 
but it is also very artistic. 

le carburetors are of course equipped with the con- 

onal Zenith type altitude control organ which con- 

of a manually operated valve by whose movement 

lunication is established between the float chamber 

the mixing chamber. Establishing a partial depres- 

in the float chamber serves to reduce the head acting 

le fuel nozzles. The entire design of the carburetor 

manifolds and controls is exceedingly clean and com- 

readily accessible and efficient. 

Lubrication 

le lower half of the base serves as an oil reservoir of 
t 10 litres capacity. Two gear pumps located at the 
of the base, one of which serves to pump oil to the 
K\^^ tanks and the other being the pressure gear pump 
iupplying the bearings throughout the engine. Oil 
imped through a single gallery to the three main 
t shaft bearings and is led to the big ends of the con- 
ng rods by means of pressed brass banjo rings and 
steel pipes inserted diagonally through the crank 
From the propeller end bearing oil is led from 
rank case through 2 aluminum tubes to the front end 
le hollow camshafts. The camshafts serve as oil 
ries for feeding camshaft bearings and rocker arm 
rs. The seepage oil from the camshafts collects in 



the camshaft case and drains to the rear end of the en- 
gine lubricating the top bevel gears and pinions and 
returns to the crank case through two large aluminum 
tubes to the distribution gearing and thence to the base. 

Ignition 

Ignition is by two sets of Renault spark plugs, the cur- 
rent being supplied from 4 S. E. V. high tension magnetos 
each of which is mounted on a cylindrical base as has been 
Renault practice with motor car engines for a number of 
years. The high tension wires are led through neat 
aluminum conduits attached to the motor cylinders and 
the magnetos on each side of the " V " are cross wired. 

A single cigar shaped exhaust collector is placed high 
above the center of the " V *' and short steel pipes serve 
to connect the exhaust ports with the exhaust collector. 
A large stack tilted rearwards at angle of about 20° is 
welded to the cigar shaped collector and is so shaped as to 
carry the exhaust gases above the upper wing of a bi- 
plane. This type of design is in reality bad both from a 
viewpoint of vision and also due to the fact that the col- 
lector is nearly always cherry red due to the intense heat 
of the exhaust gases and the sheet steel from which it is 
made continually scales. Pilots have repeatedly com- 
plained of being burned by hot scale off* these exhaust 
collectors during flight. It is practically universal prac- 
tice now to arrange the pipe design so that the exhaust 
gases are led to the side of the fuselage. 

The accompanying table gives the principal character- 
istics and sizes of important parts. 

Rated h.p 200 at 1,800 r.p.m. 

Maximum b.h.p 210 at 1,840 r.p.m. 

Bore 125 mm. 

Stroke 1 50 mm. 

Inlet valve diameter ^^ mm. 

Exhaust valve diameter 66 mm. 

Lift of valves 12 mm. 

Compression ratio 5 to 1 

Fuel consumption per b.h.p. hour 210 gms. 

Oil consumption per b.h.p. hour 10 gms. 

Oil capacity 10 litres 

Water capacity 8 litres 

Weight of motor complete — dry 510 lbs. 

Weight of propeller hub 10 lbs. 

Number of magnetos 4 

Number of water pumps 2 

Number of carburetors 2 Zenith 



300 H.P. RENAULT 



We are indebted to Automotive Induilriet for the fol- 
lowing facts concerning the Renault 12-cylinder motor. 
The cylinders have a bore of 125 mm. and a stroke of 
160 mm. (1.92 x 6.30 in.). 

The cylinder water-jacket completely surrounds the ex- 
haust valve guide. There are two valves for each cylinder 
of 66 mm. (2% in.) diameter. The valve port is 61 mm. 
(2 13/32 in.) and the inlet to the elbow 53 mm. 
(1 3/32 in.) in diameter. The valve stems are both 11 
mm. (7/16 in.) diameter, with a head approximately 
S/32 in. thick and a 45° seat Mi in. wide. 

The end of the valve stem is threaded to carry the spring 
cup and lock nut. Each cylinder barrel and head is 
machined from a forged bar, after which the intake and 
exhaust elbows are welded on, and finally the pair of 
cylinders is incased in a jacket which is welded from 
three pieces of steel about 1/32 in. thick. The cylinder 
walls themselves are 3 mm. (7/61 in.) thick. A standard 
two-bolt Hange is used for all intake and exhaust port 
connections and has been profile-milled out of steel. Tlie 
flanges are screwed on the cylinders and welded and brazed 
on the intake and exhaust pipe. 

Aluminum Pistons 



The pistons are ot aluminum. They carry three con- 
centric rings which are pinned at the ring gap. There is 
a deep annular rib between the piston bosses. The pistons 
are also unusually short, only 95 mm. (3% in.) in length. 
Tbe piston pin is 38 mm. (1^ in.) in diameter, has a 
W-in, wall and is locked with a single set screw and cotter 
pin. There are eighteen lI/.S'2-in. holes drilled in the 
skirt for lightness and for oiling purposes. 



The connecting-rods are of the Renault yoked type, and 
the short rod alternates from right to left cylinder from 
the front to the back of the engine. The rods are midf 
of B.N.I), steel I-beam section, with flange and web i mm, 
thick. The flanges are 26 mm. (1 3/64 in.) and the veb 
is 34 mm. (1 11/32 in.) wide. In the short connectinf; 
rod both ends of the rod are alike. The length of the 
rod is .^00 mm. (II 1.3/16 in.) The rod cap is secured 
by means of three bolts, two of 1 1 mm. (7/16 in.) diameter 
and one of 14 mm. (9/16 in.) diameter. 

The crankshaft is carried in four babbitt-lined bronie 
sliells. which in turn are secured to ribbed-steel bearing 

The hearing caps are secured to the top of tbe case br 
means of long U-bolts, such as are sometimes used on 
automobile spring-saddles. The crankshaft has i 
diameter of 60 mm. (2 23/64 in.) throughout, with the 
exception of the propeller shaft-end, where the diameter 
is increased to 68 mm. (2 43/64 in.). The crankpins snd 
bearings are 7214 mm. (2 53/64 in.) long with the eicep- 
tion of the propeller and bearing, which is 92 mm. (3% in.) 
long. 

The shaft is drilled out for lightness, but oil is carried 
from the main bearings by means of thrower rings and 
separate small steel pipes to the connecting-rod big-end 
bearings. The front end of tlie crankshaft is splined to 
receive the starting gear and accessory drive. The bot- 
tom half of the crankease serves as an oil'pan and has n 
screen dividing it into two 'compartments. The water- 
pump is mounted at the front of the engine on the bottom 
half of the crank chamber, and has an especially designed 
double runner and double collector. The water is piped 
to both sides of the engine, through copper pipes, and nb- 
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Fig. 1. Tlie ;«K) II. I', twvlve-cylinilcr Renault engine 



Fip. 4, ITie 400 H.P. Renault cngliM 
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ber connections are interposed to prevent cracking of 
joints due to vibration. 

The carburetor is of the single float type. Two car- 
buretors are mounted on each side of the engine and bolted 
to the crankcase by means of long studs. The intake 
pipes, which are fastened to the carburetor by means of 
unions^ are made of copper tubing 48 mm. (1 57/61 in.) 
in diameter. 

The carburetor has a pair of primary nozzles^ a pair 
of secondary nozzles and an auxiliary air valve, the latter 
consisting of an annular ring mounted concentrically with 
a venturi throat. 

The oiling system is extremely simple. Oil is carried 
through cast ducts in the front and rear compartments of 
the crank chamber to the main bearings. It is also carried 
from these ducts through two copper tubes up to the over- 
head camshaft case, passes through the camshaft case and 
returns down through the distributing gear case to the 
oil sump. 

The valve gear is contained in a light steel tube, carried 
on the studs from the cylinder head, which is slotted to 
take bronze cages that form both the camshaft bearings 
and the rocker-arm mountings. The rocker arms are ar- 
ranged to multiply the cam motion so that the valve opens 
12 mm. (15/32) in.). The camshafts and the driving 
shaft are driven through straight bevel gears of 12% mm. 
(% in.) face. The inclined shafts which drive the cam- 



shafts operate at three times camshaft speed. The high 
speed of these shafts and the resultant lowering in torque 
on them allows their weight to be considerably decreased. 
This arrangement is cheaper and much lighter than that 
where a train of spur gears is used for driving magnetos 
and camshafts. Many other aviation engines use bevel 
gears for driving the camshaft, but few designers seem to 
have grasped the importance of operating the auxiliary 
shaft at high speed. 

There are four magnetos mounted co-axially, each pair 
being driven through a spur gear, which in turn meshes 
with a spur gear which is slidably mounted on a splined 
magneto drive-shaft. The magneto drive-shaft terminates 
at its forward end in the sleeve of a bevel gear, and is 
{Provided with helical splines, so that w^hen the shaft is 
moved longitudinally it is also moved angularly. This 
method of advancing the spark obviates the need for many 
connections to magneto breaker boxes, and also insures a 
spark of the same intensity, regardless of whether the 
ignition is advanced or retarded. 

At the front end of the crankshaft is mounted an 
altuninum six-cylinder air-starting motor, which engages 
the crankshaft by an overrunning clutch. This ai^ 
starting motor has a single inlet and discharge valve for 
six cylinders, of the rotating disk type. A hand starting 
gear and the starting magneto drive are also built integral 
with this starter. 
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RENAULT TYPE la-M, 550 H.P. 



In 1917 the Louis Renault Compan)' in France com- 
menced the development of a new type of engine to super- 
sede their very successful 300 h.p. engine and which de- 
sign was asserted by M. Louis Renault " to be the an- 
swer to the Liberty engine program," 

The first engine developed of this new type was the 400 
h.p. having 12 cylinders of 130 m/m {:>'i in.) bore and 
140 m/m (.I^S in.) stroke with a crankshaft speed of 
2,100 r.p.m. and a spur type reduction gear with a pro- 
peller speed of 1,400 r.p.m. Through the hollow pro- 
peller shaft there was arranged to be fired a 37 mm. S. A. 
M. C. gun. Had tlie war lasted another year very general 
use would have been made of the 37 mm. gun in addition 
to the regular machine gun equipment. 

This engine was built in only limited quantities but 
served as a basis for the design of a considerably larger 
motor developed during 1918. This was the Type 12 M 
530 h.p., 12 cylinders. 




Fig. 1. 55i)-650 H.P. llenault 



The Renault Type 12 M engine has been built both 
with and without a reduction gear. The reduction gear 
being of the plain spur gear type with a propeller shaft 
axis in the V of the engine. The detail design of the 
engine reflects the experience gained in design and pro- 
duction of aero engines in large quantities as well as in 
valuable lessons taught by service of the planes at the 

Characteristics 

12 cylinder " V " at 60 

Bore, 150 mm 5.9 in. 

Stroke, 175 mm 6.9 in. 

Total displacement 37.1 litres 

Minimum power at 1,600 r.p.m 650 h.p. 

Maximum power at 1,750 r.p.m 650 h.p. 

Compression ratio 5 to 1 

Cylinders 

The engine has 12 individual steel cylinders with steel 
valve port elbows and welded steel jackets. The cylin- 
ders are produced from hollow steel forgings made on 
shell presses and the valve port elbows are machined from 
solid drop forgings. There are four valves per cylinder 
of 54 mm, diameter whose stems are parallel to the cyl- 
inder axis. The valves are operated by means of a single 
camshaft and rocker arms which lie in an aluminum case 
immediately above the top of each row of cylinders. The 
camshafts are driven by means of bevelled gears and in- 
clined shafts as it is now common practice in over-head 
valve V type engines. The valve lift is 1 1 mm. and each 
valve has its own individual elbow and connection with 
water jacket entirely surrounding each valve seat. The 
camshaft eases are split horizontally and retained on the 
cylinder by means of long studs screwed into the valve 
port elbows and are each equipped with three equally 
spaced breathers. 

Pistons 

The pistons are of cast aluminum and carry three cast 
iron rings above the piston pin and one below at the bot- 
tom of the skirt. The connecting rods are machined from 
B- N. D, Steel and arc of the articulated type. The rod 
body is of " I " beam section. 

Crankshaft 

The crankshaft has seven main bearings 90 mm. in 
diameter and the crank pins are 75 mm. in diameter. The 
crankshaft is drilled out hollow in both crank pins and 
main bearings in order to lighten the shaft and serve as 
an oil distribution gallery to tlie crank pins. The crank 
case is composed of two parts joined together at the 
crankshaft axis. The lower part simply acting as an oil 
collecting reservoir. The bearing caps are attached to 
the upper half of the crank case by means of long through 
bolts. 
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Lubrication 

Lubrication is pruviilcd uudtr pressure to tlie nwin 
craiilcMlinft btarings. crank pins and .irtii-ulBting lonticct- 
ing rod pins. Also to the distril>iitiiiii fccarin^; shafts iiud 
to the camshafts whkli arc hollow serving as oil galleries 
for the camshaft hearings and rocker arm rollers. Three 
gear pumps are also uscil: Une for circulation; one fur 
scavenginji tile hnse nnd delivering the oil to the cooling 
tank and the third ])ump which draws oil from the fresh 
oil tank adding to the main supply. 

Ignition and Starting 

Ignition is provided by 6\-v S. E. V. magnetos and St 
Renault s|)ark plugs, the four service magnetos being 
arranged at the distribution gear end on the motor on 
two platforms. Kaeh set of two magnetos are arranged 
st the extremities of the shaft in the center of which is a 
spiral gear. The two horizontal shafts are driven hy 
means uf a vertical shaft having two spiral gears, one 
above, and one below the crankshaft axis. The advance 
and retard of the ignition is attained by sliding the vertical 
shaft through spiral spline-ways in the spiral gears. A 
single lever serves to advance the four magnetos. Be- 
tween the 2 inclined camshaft drives at tile end of the 
motor there is arranged an S. E. V. starting magneto. 
The ratio of starting motor speed to crank shaft speed is 
50 to J. 

Un the distribution end of the crankshaft there is ar- 
ranged a pulley with an internal expanding clutch for 
driving T. S. ¥. lighting dynamo by means of a ilat belt. 
The lighting dynamo has to be installed on the engine 
support members in the plane. 




Water Circulation 

At the extreme bottom of the distribution gear end of 
the motor there is mounted a single imj>eller centrifuj(al 
tyi>e water- pump having two peripheral outlets. Tlie 
pump is |>rovided with a spring operated metallic gland 
and a large grease cup for lubricating the pump shnft. 
A set of steel pipes serve to convey the water from tbe 
]nim]> to each bank of six cylinders. Water connection 
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; bottom of water jackets being made by a short piece Carburetor Setting 

se and conventioii-1 hose-clamps. ciaudel 61 mm. Type SE carburetor. 

_ . ,. Main nozzles 270 

Carburetion . ... , 

Auxiliary nozzle 460 

le carburetors are arranged in t)ie V of the motor. Throttling nozzle 140 

are of Ciaudel manufacture a single float chamber Air communication 53 

ng two mixing chambers. The carburetor-outlets are 
im. in diameter and are bolted tu a water jai^ketcd 

sr. The details of the header's inlet pipes may be Ignition 

ly seen from the photographs. The carburetors are S. E. V. Type C-6 magnetos t 

:ded with the Ciaudel patented altitude compensated Renault plugs 24 

m which consists of a pear-shaped valve mounted con- 
ic with the fuel nozzle; by towering this valve rela- c • 
to the carbureter throat a larger amount of air is Valve Setting 

itted to pass the fuel nozzles thus decreasing the de- Lift of the valves 11 mm. 

ion at the nozzles and thinning out the mixture as The intake valve opens 8° 30 minutes late, 

red. Intake valve closes 50° 30 minutes late, 

the distribution gear end of one of the camshafts The exhaust opens 58° early. 

is mounted a Zenith gasoline pump and at the dis- The exhaust closes at the top dead center. 

lion gear end of the other camshaft there is mounted The inlet tap at clearance 8 mm. 

chine-gun synchronizer and a tachometer connection. The exhaust tap at clearance 6 mm. 




THE SALMSON CANTON-UNNE 



Amongst the few novel types of aero engines which have 
been developed in the last half dozen years, the Canton' 
Unne aero engine occupies a position particularly unique. 
The development of these engines started in 1912 and the 
development has been continuous since that date. The 
general characteristics of the older type Salmson engine 
having been described in another chapter of this book, we 
will now proceed to the description of the later types 
which have been developed between 1916 and 1919. 





Type R-9— 155 H.P. 




General Characteristics 


Normal horsepower 


= 153 at 1,300 r.p.m. 


Number 


of cylinders 


= 9 


Arrangement of the 


cyl- 


inders 




= Radial 


Bore 




= 125 mm. equal to 4. % 


Piston stroke 


= 140 mm. equal to SMi i 


Hourly 


consumption 


of 


fuel 




= 50 liters 


Hourly 


consumption 


of 


oil 




= 3Vi liters 


Total we 


ight of the motor 


empty 




= 277 k.g. or 609# 



Qenerai Description 

The engine has nine radial cylinders arranged per- 
pendicular to the axis of the engine. The cylinders 
proper are forged from steel with a wall thickness of 
3 mm. 

The water jacket (10,97^) is also of steel and is formed 
in two pieces. Sec Figure 2. The upper part of the 
jacket is welded to the top of the cylinder. The lower 
part of the jacket is fitted with a rubber ring to close the 
space between the jacket and the cylinder wall and avoid« 
the possibility of fracturing the jacicet due to tlie varia- 
tion of expansion between the jacket and the cylinder 
The water circulation is so arranged as to give perfect 
circulation about the valve and valve stem guides. 

The pistons (20,015) are made of soft cast iron and 
are equipped with three eccentric rings. The connecting 
rods (168) arc all exactly alike and are of the articulated 
type, the articulating central member being carried on bsll 
bearings. 

The single throw crankshaft is equipped with ball 
bearings tjiroughout and is made in two pieces, the re- 
tention between tjic two pieces being a ground taper and 
key. Tlie main portion of the crankshaft (248) has a 
tapered end to which is applied the propeller shaft and 
hub, this last member being retained by a taper, key and 




2. Side and front diagram Salmson Type R-9 
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Fig, 3, 4. Diagram of front and side Type A-9 



cap screw. The rear portion of the crankshaft carries a 
train of gears whose function it is to maintain the proper 
cyclic position of the articulating pin. These gears are 
also mounted on ball bearings. 

The crank ease is cast of aluminum in two parts and . 
the two parts are joined together in the center plane of 
the cylinders. The cylinders are equipped with a 
threaded ring on their exterior which permits the proper 
radial location of the cylinder to be made. 

Valves and Valve Gear 

The inlet and exhaust valves are placed in the end of 
the cylinder parallel to the cylinder axis, similarly dis- 
posed and interchangeable. The valves are 60 mm. in 
diameter and their stems are 10 mm. in diameter. The 
valve ports are 56 mm. in diameter. Annular gas dis- 
tribution cliamber is cast with one-half of the crank case 
■ and nine radial copper pipes serve to convey the mixture 
from this annular distribution chamber to the inlet valve 
ports. The exhaust gases are carried through individual 
jiijies into an annular collecting chamber which serves to 
cool the exhaust gases and comprises a rather effective 
muffler. 

The valve operating levers are pivoted on forted studs 
which are screwed into the end of the cylinder as will be 
seen from the drawing, Figure 1. Very light tubular push 
rods e.ftend radially from the crank case and arc hinged 
to the valve levers. The set of eighteen roller type push 
rods reciprocate in bronze guides which are inserted into 
the propeller extension of the crank case. A single short 
sleeve mounted concentric with the crankshaft carries nine 
cams properly spaced from one another which serve to 
function the valve push rods. This cam sleeve revolves 
in the same direction as the crankshaft and at one-half 
the crankshaft's speed. The characteristics of the valve 
operating gear are clearly indicated by the drawings. 



Figures 1 and 2. The valves are uniquely equipped with 
interchangeable rat trap type springs. 

Carburetor 

The engine is equipped with two Zenith constant level 
carburetors which discharge their mixture through long 
vertical pipes into the annular mixture distribution cham- 
ber. These vertical pipes are equipped with a jacket 
through which part of the exhaust gases pass under 
variable throttle control. All the carburetor and inlet 
pipe joints are made with rubber rings. 

The Cooling System 

The engine is equipped with a single centrifugal pump 
which is driven one and six-tenth times the crankshaft 
speed. The water after having passed through the pump 
is discharged into the jackets of the lower cylinders. 
Short steel pipes arranged annularly serve to connect the 
bottoms and tops of the water jackets of each cylinder. 
Here also rubber rings are used in joining these steel 
pipes to the cylinders. Water is delivered from the top 
of the highest cylinder of the group to the radiator, thence 
returning to the pump. 

Lubrication 

The lubrication system is fully forced, the oil being led 
into the distribution end of the crankshaft cut through 
the rear crank arm which carries the planet gears and 
into the hollow crank pin from which it is distributed 
through one radial hole to the nine articulating pins of 
the connecting-rod group. The oil thrown off by the 
crank pin group serves to lubricate the cylinders. The 
cylinders extend considerable distance from the crank 
chamber and the oil which collects in the annular chamber 
around the cylinder ends is removed bv means of a 
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Fig. 5. Cylinder diagi 




Fig. 5a. Cylinder dlagl 



scavenging pump and delivered to a storage tank where it 
is cooled. The nil pump is ptaeed immediately below the 
water pump driving spindle and is operated through a 
train of spur gears and a pair of spiral gears from the 
motor crankshaft. Two eccentrics serve to operate the 
two plunger type pumps. 

Ignition 

The engine is equipped with three high tension mag- 
netos, two of which are similarly disposed parallel to the 
crankshaft axis and driven from the crankshaft by means 
of spur gears. The third magneto is engaged by the hand 
starting gear to supply current for ignition when the motor 
is being started through the hand cranking gear. The 
two service magnetos are wired to a double set of spark 
plugs, two of which are placed in each cylinder of the 
motor. The starting magneto is not equipped with a high 
tension distributor, the high tension current being led di- 
rectly from this magneto to the distributor of one of the 
service magnetos. A tachometer connection is arranged 
for at the extreme rear end of the crankshaft, and is 
equipped with a reduction gear so that the tachometer 
shaft operates at one-half the crankshaft speed. 

Altitude Compensation 

Two aUKiliary poppet valves are placed above the car- 
buretor throttles which serve to reduce the depression in 
the carburetor at increasing altitudes of operation, thus 
making the proper correction in the mixture quality. 
These valves are manually operated. 

Valve Timing 

The valve t'ming is conventional. The inlet valves are 
opened at the upper dead center of the piston and are 
closed at forty-five degrees or sixteen millimeters after 



the lower dead center. The exhaust valves are opened at 
fifty-five degrees or twenty-two and one-half millimeters 
before the lower dead center and are closed at the upper 
dead center. The maximum ignition advance is forty de- 
grees before the upper dead center. Additional data as 
to the sizes of the parts of the motor are given in Table 1. 

Type A-9 — 225 H. P. 
General Characteristics 

Normal horsepower = 230 at 1,300 r.p.m. 

Number of cylinders =9 

Arrangement of the cyl- 
inders ;= Radial 

Bore ^ ]S^ mm. equal to 5% io. 

Piston stroke = 160 mm. equal to 6 ^ in. 

Hourly consumption of 

fuel = 80 liters 

Hourly consumption of 

oil =3-1/3 liters 

Total weight of the motor 

empty = 340 k.g. or 748 lbs. 

General Description 

The general characteristics of this engine. Type A-9, 
are the same as Type R-9 with the exception that the 
water jackets are spun out of copper and the cylinder! 
have four valves, two inlet and two exhaust valves, all of 
which are interchangeable, forty-fire millimeters outside 
diameter of valve head. The Type A-9 motor is equipped 
with an air starting system comprising an air bottle and 
single disc valve air distributor which serves to distribute 
the compressed air to nine communicating ports. Copper 
pipes connect the air distributor to each of the nine cylin- 
ders. There is also fitted a hand starting gear and start- 
ing magneto the same as in Type B-9. 
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Fig. 6. Section cylinder and exhaust post 



Timing; of the Engine 

The inlet valve opens at the upper dead center. The 
inlet valve closes at forty-five degrees or eighteen milli- 
meters after the lower dead center. The exhaust valve 
opens at fifty-five degrees or twenty-six millimeters before 
the lower dead center. The exhaust valve closes at the 
upper dead center. The maximum ignition advance is 
twenty millimeters before the upper dead center. The 
firing order 1-3 -5 -7 -9-2-* -6-8. This motor was not par- 
ticularly successful and its design was abandoned in 1917. 
It was replaced by another type which was smaller in size 
and operated at a higher speed. Figures 3 and 4 are 
sectional drawings of Type A-9 Salmson motor. 



Type 9-Z.M — 250 H.P. 



General Description 

This engine was the lightest of all water cooled French 
engines developed during the war and at the close of the 

regarded as one of the very best a 
service. The design of the engine was considerably 
changed as compared with the earlier types. The arti- 
culating connecting-rod gear which had been a feature of 
all the earlier type Salmson engines was abandoned in this 
last design. A single master connecting-rod similar to 
the early type Gnome radial motors was used, the eight 
articulating pins being arranged around this master eon- 
nccting-rod big end. The engine as originally designed 
was equipped with two annular ball bearings on the crank 
pin. The ball bearings were abandoned in the later types 
as they were incapable of carrying the loads produced by 
the higher operating speeds and powers to which the 
motor was subjected. This engine as well as being the 
lightest of all French aviation motors also had the highest 
thermal efficiency and lowest fuel and oil consumption of 
any motor used during the war. It will be noted that the 
minimum fuel consumption per brake horsepower hour was 
J 86 grams equal to .41 pounds. The engine was also 
built in eighteen cylinders capable of giving a maximum 
of 600 brake horsepower. This engine consisted of two 
planes of nine cylinders in tandem connected to a two 
throw counter balanced crankshaft. 



General Characteristics 

Normal horsepower ^= 250 at 1,600 r.p.m. 

Number of cylinders ^9 

Arrangement of the cyl- 
inders ^ Radial 

Bore ^= 1 25 mm. equal to 4 Wie in. 

Piston stroke =170 mm. equal to 6^4 in. 

Total weight of the motor 

empty =206 k.g. or 453# 



Cylinders 

The cylinders are machined from steel forgings and 
have a wall thickness of 3 mm. The water jackets are 
corrugated annularly and over the top of the cylinder 
crown and are welded to the cylinder barrel and valve 
ports. The valve ports and jackets are pressed from 
sheet metal. There are two valves per cylinder 62^> mm. 
in diameter; the valve stems 12 and 10 mm. in diameter, 
the upper portion of the valve stem being reduced in sine. 
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The valvea are very heavy to prevent warping. They 
are inclined as is tlie fashion in the Mercedes, Renault, 
Liberty, and Rolls-Royce motors, but are held to their 
seats by means of rat trap springs as in the earlier type 
motors. 

Pistons 

The pistons are cast from a special aluminum alloy and 
have five cast iron rings fitted to them. Four rings arc 
placed above the piston pin axis and one below. The 
lower portion of the piston skirt is cut away on one side to 
provide a clearance for the pistons as they pass the lower 
dead center. The piston pins oscillate in the piston bosses 
and are clamped in the connecting-rod by means of a 
taper pin. 

Connecting Rods 

The connecting-rods are tubular in form in contrast 
with the earlier types of motors, all of which had I-beam 
section rods. The rods are machined from chrome nickel 
steel and are extremely light. Eight of the connection- 
rods are of tubular section and the master rod is of 
I-beam section. The reason for this appears to be 
facilitating machining the master rod. 

The Crankshaft 

The crankshaft is machined from nickel steel in two 
pieces, a taper Woodruf key and nut retention is applied 
to these two pieces. The rear portion of the crankshaft 
whch drives the distributor gearing for the magnetos, 
water pump, etc., has the counter balance forged integrally 
with it. The forward portion of the crankshaft, which 
is the driving portion, has two counter balancing pieces 
applied to the crank arm. The main crankshaft bear- 
ings are single roll annular ball type. The crankshaft 
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Fig. 9. Valve timing diagram 

is bored hollow to facilitate lubricating the bearings and 
connecting-rod articulating pins. 

Valves and Valve Gear 

The inlet and exhaust valves are interchangeable and 
are operated through push rods and rocker arms by 
means of a cam sleeve mounted concentric with the crank- 
shaft, having six cam bosses in plane and turning at one- 
fourth of the crankshaft speed. Each cam boss suc- 
cessively operates the inlet and exhaust valve of each 
cylinder. Two cam bosses opposite to one another on 
the circumference of the cam suflice to operate the valves 
of three cylinders. The cam sleeve is driven by means 
of a very small light epicyclic gear set. The planets and 
the cam sleeve are mounted on ball bearings. 

Lubrication 

Lubrication is obtained by circulating oil under pres- 
sure from two piston pumps, one of which acts as a cir- 
culating pump for delivering the oil through the parts of 
the engine. The other pump serves to scavenge the crank 
case and delivers the excess of oil to the storage and 
cooling tanks. Tlie lubrication system is substantially 
the same as in the 15S h.p. Type R-Q motor. 



The cooling 
R-i) which has 



The Cooling System 

lystem is precisely the same i 
ilready been described. 



the Type 



1'he Tachometer 

The tachometer is driven from the rearward extension 
of the crankshaft through a half time reduction gear. 



The flexible 

upon to operate at ■ 



if the tachometer therefore i 
-half motor speed. 



Mlleil 



The Ignition 

;ine is equipped with three high tension mag- 
of these being the band starting magneto, the 
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r two magnetos being the two service magnetos. They 
driven and operate independently of one another, 
I magneto serving nine plugs. The firing order is 
5-7-9-2-4-6-8. The maximum ignition advance is 
ty-five degrees or about twenty millimeters before the 
dead center. 

Carburetor 

he carburetion is obtained by means of a dual type 
ith carburetor which comprises a single constant level 
: chamber, two sets of choke tubes, nozzles and 
ttles. The float in this carburetor is spherical in 
1 and is so arranged that an inclination of forty-five 
•ees of the motor does not interfere with the proper 
jtioning of the float valve. The jets and compensat- 
orifices are attached to the float chamber casting. The 
ttles and altitude compensating valve, together with 
choke tubes, are placed in a separate casting which 
)lted to the float chamber casting. 

Starting System 

I common with many other constructors the Salmson 



Co. have abandoned the hand starting gear and also the 
automatic starting system which were used on the earlier 
type motors. The motor is started by swinging the pro- 
peller with the ignition switch cut out, after which the 
switch is closed and the hand starting magneto is cranked 
to supply the ignition current, which is distributed 
through the high tension distributors on the service 
magnetos. 

Timing 

The inlet valves open at the top dead center and is 
closed at 55^ after the bottom dead center or 27 mm. on 
the piston stroke. The exhaust valve is opened very 
early at 65° or 37 mm. before the bottom dead center 
and is closed at the top dead center. The valves in tliis 
motor are held open somewhat longer than in the earlier 
type motors to accommodate the somewhat higher speeds 
at which the motor is operated. Figure 5 and 5-A is a 
section through the cylinder of Type Z-9 Salmson motor. 
Figures 6 and 7 are sections in plane and at right angles 
to the crankshaft of Type Z-9. Figure 8 is a timing 
diagram of Type Z-9 motor. 
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THE MO H.P. AUSTRO'DAIMLER 



The general construction of the 2(10 Ii.p. A us tro- Daimler 
is shown in the two photographs of the complete engine. 
Figs. ] and 2, and also in the accompanying cross sec- 
tional and general arrangement drawings. 

Following the usual German practice, the engine is of 
the sis-cylinder, vertical, water-cooled type with separate 
built-up steel cylinders. The principal characteristics of 
the design and its general performance are given in the 
following leading particulars of the engine: 

Number of cylinders: six, vertical; Bore: 135 mm.; 
Stroke: 175 mm.; Normal b.m.e.p.: 123.3 lbs. per sq. in.; 
Average b.h.p.: 200 at 1,400 r.p.m.; Compression ratio: 
5.02: 1 ; Petrol consumption per hour: 11 1.0 pints; Petrol 
consumption per b.h.p. hour: 0.555 pint; Oil consumption, 
per hour: 7 pints; Oil consumption per b.h.p. hour: 0.035 
pint; Total weight of engine, dry: 728.5 lbs.; Weight per 
b.h.p. (normal): 3.64 lbs. 

The compression ratio is considerably higher than that of 



any of the German engines except the Maybach, and from 
the complete data published nt the end of this report it 
will be seen that the general efficiency of the engine is 
good, the h.p. per cu. ft. of stroke volume being 377.3 and 
the h.p. per sq. ft. of piston area being 216.6. 

During calibration and endurance tests carried out at 
R.A.E., the running of the engine was very good, being 
very steady, between 700 and 1,700 r.p.m. The engine 
was remarkably clean, having no trace of oil or water 
leakages during tests. 

Compared with the usual high weight standard of Ger- 
man engine design, the weight per b.h.p. of 3.64 is quite 
normal. From our own standard of weights, however, 
the weight per b.h.p. is disproportionately high. This is 
chiefly due to the heavy construction of the crank-chamber 
and oil base, rather than to the design of the cylinder and 
reciprocating parts, which are well designed and are of 
light construction compared with other German engines. 




Fig. 1. Side section 320 II.P. Austro-Dalmler 



TEXTBOOK OF AERO ENGINES 




Fig. 2. End section of 230 H.P. A ustro- Daimler 

General Description 

As a preliminary survey of tlie general design of the 
200 h.p. A ustro- Daimler engine, the principal features of 
the engine are briefly described in the following sum- 
mary r 

Tile six separate cylinders are of the usual built-up 
steel construction, with pressed steel water jackets, and 
are fitted with twin inlet and exhaust valves in the cylinder 
heads, which are integral with the cylinder barrels. The 
valve pockets are welded into position, with the exception 
of one inlet valve poeket in each cylinder, wliieh is con- 
structed so as to be easily detachable with its valve seating 
and guide, as in previous Austro-Daimler engines, so that 
all the valves can be removed without dismounting the 
cylinder. 

Aluminum pistons are adopted, and, with the exception 
of those recently fitted to the 230 h.p. Benz engines, were 
at the time of capture apparently in use in enemy engines, 
althougli after this engine was captured a Rumpler bi- 
plane was brought down fitted with a 370 h.p. Basse- 
Selve engine using aluminum pistons. A detailed report 
of this engine is in course of preparation, and will be 
published very shortly. 

The H section connecting rods are of normal design, 
and the crankshaft runs in seven white metal bearings, 
which are carried by the top half of the crankcase. Tiie 
bottom halves of the journal bearing housings are steel 
forgings, and are very deep in cross section, being similar 
in design to the journal bearings fitted to the Maybach 



The design of the valve gear and camshaft drive pre- 
sents several interesting details. As shown in the illus- 
trations of the engine, the overhead camshaft is driven by 
a vertical shaft off the front end of the crankshaft. The 
camshaft runs in four phosphor-bronze bearings in the 
center of an aluminum camshaft case. 

A compression release gear, very similar to the Mer- 
cedes type, is provided. The water circulation passage 
from the cylinders to the top of the radiator is taken 
through the front end of the cast aluminum camshaft 
casing, just behind the driving bevel gear. 

A reciprocating plunger type oil pump is fitted in the 
front end of the oil base. This pump is driven by bevel 
and worm gearing directly off the crankshaft and is un- 
usually heavy, bttt of interesting design. 

The lubrication is on normal principles, and embodies 
a large air-cooled sump at the bottom of the base cham- 
ber, which is supplemented by an auxiliary fresh oil reser- 
voir cast in the front end of the top half of tlie crank 
chamber. The fresh oil is delivered by a small auxiliary 
plunger, working in conjunction with the main oil pump. 
to the front end of the camshaft, the lubrication of which 
is well carried out. 

A " V " type iioneycomb radiator is fitt«d directly be- 
hind the propeller, and the centrifugal water pump, which 
is driven obliquely off the rear end of the crank-shaft, is of 
ordinary design. 

Two Bosch Z.H.6 magnetos are driven diagonally at 53° 
off* the vertical camshaft driving-shaft at the front of 
the engine, and two plugs are provided in each cylinder. 
The magneto controls are interconnected with the throttle 
control, so that ignition is automatically retarded when 
throttling down. 

A heavy duplex carburetor feeds the cylinder throu^ 
two separate sleel induction manifolds, which are gal- 
vanized, and lagged with asbestos; each manifold feeds 
three cylinders. 

The carburetors are water jacketed and heated by the 
cylinder water circulation system in the usual way. 

Main and slow running jets are fitted, the two annulat 
floats being housed in chambers surrounding the choke 
tubes. The main air intake is taken through a passage 
cast in the two halves of the crankcase, leading to the 
chamber below the false bottom of the oil sump. 

An air pump of the spring plunger type is driven off 
the camshaft and is mounted on the top of the camshaft 
casing towards the rear end of the engine. A transverse 
shaft driven off the rear end of the crankshaft carries two 
cams for the synchronized gun interrupter gear. 

No exhaust manifold is provided, each cylinder beiog 
fitted with a short streamline section exhaust pipe abavt 
12 ins. long, as shown in the illustrations of the ei^hM. 

Cylinders 

The six separate cylinders are made entirelj of flcd. 
The cylinder barrels, which are integral with tbe beaA. 
arc built up of steel forgings. The barrels are madinrd 
all over, and are ground to 135 mm. bore; the thickneusf 
the cylinder walls tapers on the outside from S.O mm. at 
the center to 4.0 mm. at the top, and 4.0 mm. at tbe bsK. 
The water jackets are pressed in the usual way from iheet 



GERMAX TYPES 



ar>5 



.) mm. thick, and are very siiort. Tlic bottom of 
.t<:r jacket is flanged over and wddcd to a bivt-k-d 
*-liicli is macliiiied on the cylinder barrel, as shown 
eetioiial photograph of the cylinder, V'ig. 4; three 

eorrug'itioiis arc formed in the water jaeketft to 
ir expansion. 

inlet and two exhaust valves are fitted in each 

■ head, and work at au angle of .'fO'' to tjie vertical 
the cylinders. These are clearly shown in the 

ctional drawing of the engine, Fig. :t, and in the 
rawing, Fig. 6. 

ch cylinder two of Ihc exhaust pockets and one of 
I inlet [Kickets are pressed and welded into the 
The other ink-t valve, with Us seating and guide, is 
in a separate detachable (iiKket, fixed in (losition 
rgc gun~metal union nut, as in previous Austro- 
* and Beardmore engines. This allows the other 
to bu withdrawn from the cylinder through the 

left on the removal of the |i<K'kct, without dis- 

thc cylinder. 

Hanges at the base of the cylinders arc 11.0 mm. 
ud the cylinder spigots extend I.l mm. into the 
se. 1-ugs arc machined in the base Hange of each 

■ to take the eight studs which bolt each cylinder 
rankcase. Four of the studs are of larger diam- 



eter, i. e., 19.0 mm., and pass through the crankca.se top- 
half; they act as main holding-down bolts and secure tlie 
lower portion of the journal l>earings, thus relieving the 
crankcase of most of the working stress. 

The total weight of each cylinder, bare, is 18.4 lbs. 

Pistons 

These are of cast aluminum; the crowns are very 
slightly concave, and are supported by eight radiating ribs, 
as shown in detail in the sectional drawing and photo- 
graphs, Figs. 7 and 8. It will be noticed that these ribs 
arc not spaced equidistantly, the two ribs over each of the 
gudgeon |)in bo.sses being closer together, and extending 
downwards so as to support each boss from below. 

This design undoubtedly provides a raueh lietter dis- 
tribution of the stress than in the design of the new 2^0 
h.p. Benz aluminum pistons. Steel bushes are east into 
the gudgeon pin bosses in the pistons, and the gudgeon 
pin is fixed only by a large split pin, which passes through 
a hole drilled in the boss; these holes are also fitted with 
steel bushes. 

Three ))lain cast iron rings are fitted above the gudgeon 
pins, and an annular groove is machined around each pis- 
ton on the gudgeon ])in level for lubrication. 




]''ig. :i. Imluetion slilo .\ustni-l)nimier 
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3. .12 lbs. witli rings, iiiid 



The weight of cacli piston i; 
the weight of euch gudgeun pin 



Connecting Rods 

The conneeting rods nre of H section and exceptionally 
long for tile size of the engine: from the German stand- 
ard jf weight they are of comparatively light section, but 
the central webs of the rods are not drilled. Four bolts 
are used to hold the iialves of the bi^end bearings. 
These bolts are il) mm. diameter, and each pair is locked 
by a sheet steel clip. 

The white metal lining of the bronze big-end bearing 
shells is I mm. thick, and the small ends are fitted with 
phosphor-bronze bushes for the gudgeon pin bearings, 
which are lubricated by small diameter pipes attacjied to 
the central web of the rods in the usual way. Two hor- 
iKuntal oil grooves are cut in the lower halves of the big- 
end white metal bearings, and a short transverse oil groove 
in the top halves, whilst the small-end bushes are pro- 
vided with three longitudinal oil grooves. 

Weight of complete connecting rod, 4.8 1 lbs.; weight of 
big end, 3.18 lbs.; weight of small end, 1.66 lbs.; length 
of connecting rod between centers, 315 mm. 



Valves and Valve Gear 

The twin inlet and exhaust valves are all of the im 
dimensions and are interchangeable, and, as prrvioiuiT 
mentioned, work at 30^ to the vertical cylinder axis. 

The largest diameter of the valve heads is (8 mm,, ai 
the ctTective diameter is 41 mm., which gives a conibird 
inlet valve opening area of i-.H sq. ins. The raein pt 
velocity through the inlet valves is 140 ft. per seeond 

The general design of the complete valve gear is cicarit 
shown in the general arrangement drawings, and inFi);. S, 
and details of tlie valves and springs are given in Fig. II 

■Single itelical valve springs are fitted to each valve, inl 
the valve spring collars are held in position by split conn., 
which register with the recess cut in tbc end of the nl« 
stem, as shown in Fig. 11. This spring locking deviit ii 
similar tn tliat used in the Benz engines. 

The valves are operated by a single over-he.id tarn- 
shoft. which is carried in an aluminum case, running tin 
whole length of the engine in, one piece; this case 
tached to each cylinder by two studs screwed into lup 
formed in the cylinder heads. 

Tlie camshaft runs in four phosphor-bronr.e bearing; 
these bearings are split and mounted in aluminum housinfii 
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Fig. 4. CyUnder detail 



Fig. 5. Piston deUil 

Coinpresaion release cams are formed on the exhaust 
rams, and tiie lateral movement of the floating camshaft 
is effected by a long hand lever at the rear end of the 
engine. This lever is attaeiied to a gun-metal collar, 
which is fitted with a square thread screw, the design of 
this compression release gear being very similar to that 
used on all the Mercedes engines. 

The camshaft is driven from the front end (which is 
quite unusual in German engines) through ajievel gear, 
which floats on eight splines cut on the end of the cam- 
shaft. The camshaft vertical driving-shaft is driven di- 



■re located in the camshaft casing by small taper 
t screws. The cover of the camshaft is in three 
s, with very close joints; these detachable covers per- 
easy access to the valve gear of any or all of the valve 
ers and cams. 

ach valve rocker spindle is carried in three separate 
tphor-bronze bushes, which are housed half in the 
■r portion of the aluminum camshaft casing, and half 
le camshaft case cover. For ease of manufacture the 
Qg of the cover and case is carried out as two con- 
>as holes running the whole length of the case, and 
ling long semicircular grooves in both halves, in which 
ralve rocker spindle bearings lie. These bearings are 

in position by dowel pegs, and the center hearing of 

aet is, of course, split. 

'ith the exception of the bridge pieces, which operate 
valve stems, the valve rocker levers are machined 
I single steel forgings, and the bridge pieces, which 
y the adjustable tappet screws, are pressed and riv- 

on to the ends of the rocker arms against a shoulder. 

bridge pieces are prevented from swivelling by being 
nto a recess cut in the base of the slioulder. The 

of the adjustable tappet screws are hardened, and 
fitted with the usual type of transverse locking bolt, 
ardened steel rollers are iitted to tlie inside arms of 
rocker levers, and a deep oil groove is milled in the 
)f these arms to convey oil through the hollow spindles 
e bearings and also to the cam rollers. 




Fig. 4. Valve and rocker detail 
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(others): 30.0 ram. (1.18 in.); length, prop, end: j6. 
(2.30 in.); length, rear end: 43.5 mm. (].71 in); I 
center: 50.0 mm. (1.97 in.); length, intermediate 

mm. (1.97 in.). 



Crankshaft 



The six-tlirow crankshaft is 
juires little description. The 



of normal design an 
usual type of plain 




rectly from tlie front end of the crankshaft by bevel gears. 
The top end of the vertical spindle runs in a combined 
thrust and radial bearing, and the lower end (which has 
six splines cut in it) floats in the lower bevel gear, which 
with its bearing and housing forms a separate unit, and 
need not be disturbed when in- ith drawing the vertical 
spindle. 

Crankshaft 

Xumber and type of main bearings: seven, bronze cage, 
lined white metal; cylinder centers: 166.0 mm. (6.53 in.), 

Crankpins 
Outside diameter: 56.0 mm. (2.20 in.); inside diameter: 

30.0 mm. (1.18 in.); length: G8.0 mm. (2.67 in.). 

Crank Webs 

Width: 74.0 mm. (2.91 in.); thickness (front two): 
2i.5 mm. (0.96 in.); thickness (others): 21.0 mm. (0.91 
in.); radius at ends of journals and crank pins: l.C) mm. 
(0.17 in.); weigiit of complete shaft: 96.5 lbs. 

Journals 

Outside diameter: 5S.0 mm. (2,28 in.) ; inside diameter 
(front two) : 21,0 mm, (0.82 in.) ; inside diameter 



a 



Fig. 6. Vnlve detail 

metal bearings are used. The diameter of the jon 
is 58 mm. and of the crank-pins 56 mm.; the lengthi 
the journal bearings is 50 mm., with the exceptio 
the front bearing, which is 51 mm. 

All the crank-pins and journals are bored 30 mm. 
except the two front journals, which are 21 mm. I 
and the webs are drilled with 5 mm, oil leads in 
usual way for pressure lubrication. Brass discs are 
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Kig. 9. Cylinder Bectiim 

to plug the ends of tlie holes bored in the journals and 
erank-pina. These arc expanded into grooves cut in the 
ends uf tlie holes. Other details of the design of the 
crankshaft are given in the drawing. Fig. 10, and the 
construction of the front ball bearing and propeller double 
tlirust race is clearly shown in the general arrangement 
sectional drawing of the engine. 

Propeller Hub 

The method of attaching the propeller hub by serra- 
tions cut on the outside of a sleeve whicli (its on to the 
tapered extension of the crankshaft, follows the original 
design of the previous Austro-Daimler and Beardmorc en- 
gines. In other respects the construction of the propeller 



hub is of ordinary design, but compared with those used 
on most other German engines the weight of the propeller 
hub is considerably below the average, vis., ]].3 lbs. — 
less the crankshaft extension. Details of the propeller 
hub are given for reference in Fig. 15. 

Crankcase (Top Half) 

The construction of the cast aluminum crankcase is 
proportionally heavy, both in design of the top and bot- 
tom halves. The top half weighs — with main journal 
bearings complete and cylinder holding down bolts and 
studs— 133. i lbs. and the bottom half, which forms the 
oil base and sump, weighs no less than 73.3 lbs. dry. This 
makes a total weight of 207 lbs., approximately, for the 
complete crank-chamber, which works out at 28 per cent., 
of the total weight of the engine. 

The transverse webs which form the crankshaft journal 
bearing housing, are of the usual box section, and the 
eight engine bearer arms cast on the crank-chamber, four 
on either side, are made as continuations of the transverse 
webs, and are of the same section; they are exceptionally 
deep, OS shown in the cross sectional view of the engine. 
Fig. 3. 

The front portion of the top half of the crankcase is 
constructed to form the feed oil tank. This tank, as 
shown in the section on the general arrangement drawing 
of the engine, encloses the bottom portion of the cam- 
shaft vertical driving-shaft, and is fitted with a filling 
cap and oil filter and also with a glass sight-level oil 
ga.ige. The capacity of the feed tank is approximately 
one gallon. 

The eflicient ventilation of the crankcase, as in most 
German engines, has been well provided for. Two 
breathers of normal design are fitted on the exhaust side 
of the crankcase, and a passage is formed in the body 
of the carburetor, which communicates with the interior 
of the crank-chamber through a large port cast in the 
side of the crankcase. 

This passage also communicates with the crank- 
chamber by two large holes east in the webs of the central 
bearing housing; the primary function of this passage is, 
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Fig. 9. Air pump and camshaft arrangentent 
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of course, to assist in heating the carburetors, which are 
also water jacketed. 

The average thickness of the walls of the crank- 
chamber is 9 mm. 

Bsse-Chamber 

The bottom half of the crank-chamber is complicated 
in design, and excessively heavy, weighing 73.5 lbs., com- 
plete with false bottoms. 

The walls are 6 mm, thick, and are strengthened inside 
and out by ribs spaced 130 mm. apart. 

A perforated plate of galvanized sheet steel is screwed 
on to a flange cast about half-way down the chamber. 
This plate has shallow oil sumps formed on it at each 
end and a large hole cut in it in the center; other holes, 
23 mm. in diameter, are pierced in it in various places. 
Over this bottom is screwed a sheet of finely perforated 
steel, covered on the underside with very fine wire gauze. 
Below the filter plate the bottom of the base chamber 
slopes sharply to the center portion, which is flat and has 
a small sump bolted on underneath it. Cooling ribs are 
cast on the two sloping portions, ^ot'' inside and out; 
the sides of the base chamber are carried down iO mm. 




below the bottom and a strip of sheet aluminum is 
screwed on to their lower edge, thus fonning an air 
chamber along the whole underside of, the engine. The 
aluminum plate has three air ports covered with wire 
gauze at each end. According to a report these ports 
are fitted with a vaned shutter. 

The main air supply for the carburetor is taken from 
this false bottom through a passage cast in the side of 
the crank-chamber. The purpose of the false bottom is 
to cool the lubricating oil and warm the incoming air. 




rig. 13. Propeller hub detail 

Oil Pump and Lubrication System 

The lubrication system of this engine is on the wet 
9Uin]i principle, having one large pump to keep the main 
oil in circulation, and a smaller pump to supply a small 
charge of fresh oil to the system at each pump stroke. 

In this engine the main pump sucks oil from the sump, 
which is approximately of seven gallons capacity, and 
delivers it under pressure to the main journal bearings. 

The small pump supplies the camshaft with fresh oil 
taken from the tank cast in the top half of the crankcase. 
The main oil pump consists of a steel plunger 10 mm. in 
diameter, working in a cast iron barrel. This plunger is 
hollow and has another plunger or ram, 7 mm. in diameter, 
fitted inside it. Both the barret of the pump and tbe 
small plunger remain stationary, whilst the large plunger 
is rotated by means of a bronze worm wheel, which floats 
on a square formed on the plunger. The worm wheel is 
driven from the crankshaft by a worm cut on a small 
inclined shaft. Besides rotating, the plunger is made to 
reciprocate by means of a scroll can machined in tbe 
plunger, which works against a hardened steel roller 
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Fig. 13. Arrangement of oit pump and tank 



d into llie pump barrel, and thus transmits tlie reci- 
cating motion to tlie plunger, the end of which is 
Kged and forms the piston of the main pump, 
'he small ram fitted inside is also hollow and works 

the same principle, though in this case the barrel 
'es whilst the ram remains stationary, 
k port cut in the side of the plunger is thus put in com- 
lication altematelj' with the supply pipe from the tank 

the delivery pipe to tlie camshaft, by means of an oil 
r drilled radially in the main plunger. From the main 
pump the oil is forced along a delivery pipe to the 
ter of the engine, where it feeds the main oil lead 
ning beneath the crankshaft and connected to each 

he journals by vertical branch pipes. Oil is conveyed 

the crankshaft from the journals to the crank pin.s, 
ince the oil is forced up the small pipes attached to 

connecting-rods into the little end bearings. 
Che delivery pipe from the smalt pump to the camshaft 
;arried up the front end of the engine and runs along 
side the camshaft casing,' being connected to the oil 
V9 drilled in the cover plates by six channels formed 
rein. From the central lead in the cover plates oil is 
veyed to the camshaft bearings by the vertical holes 
ited in the ends of the cover plates, and to the inner 
ker arms by short cross channels, which deliver the 

into grooves milled in the rocker arms, whence it finds 

way to the journals of the hollow rocker spindles and 
ir bearings, and also to the cam rollers and cams. 
e camshaft casing is always half full of oil, and pro- 
ion is made for filling up before starting by three holes 
ed with screwed plugs, which are placed in the top of 

cover plates. From the camshaft casing the oil over- 
Fs through two grooves formed in the side of the front 
ishaft bearing, and thence finds its way to the sump 
m the vertical spindle casing, thus lubricating the 



vertical spindle bearings and gears. The oil sump is ex- 
ceptionally deep, and is fed from the sheet steel false 
bottom by three pipes — one from each end and one from 
the center. 

Ignition 

The two Bosch ZH6 type magnetos are driven by level 
gears off the bottom end of the camshaft driving spindle 
at the front of the engine. As will be seen from the 
illustrations, the magnetos are at an angle, each magneto 
being at 52° to the crankshaft. Two Bosch three-point 
sparking plugs are fitted to each cylinder on the same 
side of the engine. These are screwed into the com- 
bustion heads just helow each inlet valve; each magneto, 
of course, serves one plug in each cylinder. The magneto 
controls are interlinked with the throttle control, so that 
when the engine is throttled down the ignition is auto- 
matically retarded. The order of firing is as follows: 
Propeller — 1, 5, 3, 6, 2, 4. 




Pig. 14. Carburetor arrangement 
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filter, wliere it unites with tlie overflow from tlie floil ' 
diarabers. 

The air suiiply to tile carburetors is taken from tht 
false bottom, through a passage cast in the side ol 
crank -oliamber; an extra air valve is titled round tli; 
choke tubes. 







In 



Petrol Tanks 

"Berg" biplane scouts, fitted v 



Fig. IJ. CarburrLur detiiits 

The high-tension leads from the magnetos are carried 
in .-I particularly neat form of cable carrier, of red sheet 
fiber on cast aluminum brackets attached to the top of 
the crank case. 

Carburetor 

The large duplex carburetor is arranged on the left 
side of the engine, and supplies the mixture through two 
separate galvanized steel induction manifolds, each mani- 
fold feeding three cylinders, and being lagged with 
asbestos. The carburetor is built up in three sections; 
the bottom section is of gunmetal, and contains the two 
float chambers and tlic four jetsi. A common Alter cham 
ber fitted with the usual gauze strainer is cast ii one 
and is arranged at the front of this portion. The center 
portion of the carburetor is of aluminum, and conta s 
the butterfly throttles and the upjwr portion of the I k 
tubes. A targe air chamber, cast round the throttle bar 
rets, is used ns the outlet for hot air from the crank case, 
and thus heljis to warm the mixture. The lop portion 
of the carburetor consists of a cast aluminum chamber, in 
which the supply for the two carburetors is united, thus 
insuring nn equal supply to each manifold. This cham- 
ber has a water jacket cast round it, which is connected 
to the main water circulation system by a pipe at each 
end. The annular float chambers encircle the choke 
tubes. Each carburetor has two jets, the capacity of 
the main jet being ,'(5 e.c. per niin. and the pilot jets 0.8 
c.c. per min. The filter is fitted with a pressure release 
valve, which discharges into a small chamber below the 



; the Austri. 
these Austro-Daimlcr engines, the main petrol tank i' 
under jtressure, and is situated at the bottom of tlx 
futelai/e, behind the engine. 

A small gravity tank holding SVj gallons is also littfd 
as an emergency fuel tank. Just behind the e 
upper part of the futelage, and the total air endurancr 
according to report is given at 2Vi hours at ],000 feet. 

Air Pump 

The air pump for the petrol tank pressure is of tht 
spring loaded plunger type, and is o)>erated by a separate 
cam on the camshaft between the two rear cylinders. .V 
shown in the sectional arrangement drawing of the com- 
pression release gear, it is mounted on the cover of tht 
cast aluminum camsliaft casing. A hand pressure iiump 
is also fitted in the machine. 

Water Pump 

In Fig. 76 is given a sectional view of the complflf 
water pump. This is of the centrifugal type, and >'> 
shown in the views of the engine is driven directly off tlif 
rear end of the crankshaft by a bevel gear which h 
integral with a sleeve forming an extension shaft. Thit 




Fig. IG. Water pump detail 



GERMAN TYPES 



■s 


^^ aW! 


r?--^^ 


•i njr" J 




> 






' -N S" 


i Z, 




S \ 


^ ' 




\ V 


iit^Z 




^, ^. 




> n n iS 


IE " si^iM 




4tT 


.3^ ±_«3: 


7 


rX^^^- > 




J__LI 1 1 1 M M Ml 


M MO «) 

aoc 


3)0 2» a« 260 


280 3tO «0 3« 360 



Fig. IT. Valve lift dia^am 

is attached to the rear end of the crankshaft, and also 
drives the gun interrupter gear through a worm gear on a 
transverse shaft. 

The water pump spindle is inclined at an angle of 30° 
to the crankshaft and runs in phosphor-bronze bearings. 
The driving bevel gear floats on the end of the pump 
spindle, and is fitted with a large diameter thrust ball 
race and retaining spring, which, being at the bottom 
end of the spindle are as far away as possible from the 
rotor of the water pump. Both the pump spindle bear- 
ings are well lubricated, through two drilled holes in the 
pump body and oil grooves cut in tlie spindle bearings, 
by a large self-acting grease lubricator which is screwed 
into the cast aluminum water-pump body. The pump 
rotor'is 112 mm. diameter, and is formed with six vanes 
of the usual Mercedes type. The rotor is keyed to the 
spindle and secured by a gun-metal nut and washer. 

A conically faced shoulder is machined on the pump 
spindle directly beneath the rotor. This shoulder beds 
into the bevelled face of the bronze bearing, forming an 
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Fig. IS. Water pump delivery curves 

efficient water joint. The water pump, although some- 
what heavy in its construction, ii well designed and is 
very accessible. The diameter of the intake passage 
through the cover is 36 mm., and the diameter of the 
delivery is also 36 mm. 

Water Cooling System 

A " V " type honeycomb radiator is used with this 
engine, and is mounte<] at the front of the engine, directly 
behind the propeller. 

The capacity of the radiator is approximately four 
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Fig. 19. Power throttle and consumption curves 

gallons, and a small barrel-shaped condenser, 4 ins. 
diameter and 5 ins. long, is provided on the top of the 
radiator, apparently to prevent boiling water from es- 
caping and blowing back. No louvres or blind are fitted 
to prevent over-cooling. 

From the bottom of the radiator water is circulated 
through the steel pipe to the inlet of the water pump and 
is delivered into the bottom of each of the cylinder water 
jackets. These are coupled together in the usual w.ny 
by rubber joint rings and clips, botji at the bottom of 
the water jackets and in the water passages above the 
valves in the cylinder heads. Tlie construction of these 
joint rings is interesting, consisting of bevelled rubber 
rings, reenforeed in the center with a steel spring ring. 
The rubber joint rings are expanded into the outside of 
the conical faces of the steel water connections on the 
cylinders by the halves of a split aluminum ring, which 
are clamped together by a band clip of ordinary design. 
From the results and appearance of the engine during 
tests these water joints are very efficient. Circulating 
through the cylinder water jackets, the water passes to 
the top of the radiator through two passages cast in tlie 
front end of the aluminum camshaft casing. These water 
passages encircle tlie camshaft just behind the driving 
bevel gears. 

Revolution Indicators 

A flexible drive for the engine speed indicator is driven 
directly off the rear end of the camshaft in a smaU ex- 
tension chamber, and some form of revolution indicator 
was apparently mounted in the center of the " V " 
radiator. Unfortunately the instrument is missing, but a 
portion of the driving mechanism is shown in the general 
arrangement drawing, from which it will be seen that the 
gear employs a small diameter worm mounted about 
half-way up the vertical driving shaft. TJiis engages 
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Fig. 20. Connecting rod details 



with a worm pinion which drives a trip-gear pinion at a 
speed ratio of ap proximately 1: 100. 

Wireless Generator 

A flange is machined on the rear extension of the crank- 
shaft to take a belt driving pulley for the wireless dynamo. 
This pulley is probably of the standard friction clutdi 
type used on all German engines. 

Exhaust 

No exhaust manifold or silencer is provided, but a 
separate short exhaust pipe about 12 ins. long, of stream- 
line section, extends from each cylinder. These are shown 
in the photogrupji of the engine. Fig. 2. 

Conclusions 

The design of this new type Austro-Daimler engine, 
as set out in the foregoing detailed description, and the 
following data and test results show a careful study of 
details. 

Both in its general lay-out and in most of its details of 
construction this engine undoubtedly possesses more 
originality in design than the majority of enemy engines 
up to the present time. 

The design of the lubrication and oil-cooling system 
has evidently been carefully considered, as have also the 
carburetor and induction systems. 

The new type of scroll cam oil pump is interesting, 
but in its present form is excessively heavy. This type 
of oil pump, however, it is interesting to note, is now 
used on the new 270 h.p. Basse-Selve engines. In these 
engines the oil pump works on exactly the same principle, 
but is duplex and is relatively much lighter, the body of 
the pump being made of cast aluminum instead of cast 



THE 270 H.P. BASSE-SELVE 



Introductory Note 
The following report on the design of the 370 h.p. 
Basse-Selve engine is based on a detailed examination of 
the engine (No. 550) taken from the remains of a German 
Rumpler two-aeater biplane (R.A.F. identifiration No. 
G/5BD/I4), whieb was shot down and destroyed in 
France on May 31, l!kl8. Unfortunately the model of 
this engine secured was so seriously damaged that it was 
impossible to carry out any power and consumption tests 
of the engine, consequently the following report deals 
with design and construction only. Certain figures con- 
nected with the performance have, however, been cal- 
culated by assuming the engine speed and brake mean 
effective pressure to correspond approximately with 
those of other German engines of about the same capacity. 
The figures adopted for these items are as follows: 



Norma) engine speed ],400 

Normal B.M.E.P. at 1,400 r.p.m., 110 lbs. per sq. 



■.p.m 



All the figures in the data at the end of this report, 
which are based on the above assumption (and therefore 
only to be accepted with reserve) are marked with an 
asterisk. Actual figures and test reports on the running 
of these engines will he issued as soon as an engine of this 
type is captured in good condition. 



General Description 

These engines, manufactured by Basse 



e being 



nd Selve, maci 



Altena, Westphalia, have but recently appeared in the 
field. In most of their leading details of construction 



they closely resemble both the 260 h.p. Mercedes and 230 
h.p. Benz engines, on which the design is evidently 
based. Markings on the engine indicate the year of 
manufacture to be 1917, the crankshaft being marked 
"A. G. Krupp, Essen, 1917." The nominal rating of 
the engine according to a cast plate on the crankcase is 
270 h.p., and the normal engine speed would probably 
be about 1,100 r.p.m. Assuming the B.M.E.P. to be 110 
lbs. per sq. in. at l.iOO r.p.m., the power developed 
would be approximately 260 b.h.p. 

The accompanying photographs show the engint 
of the usual six-cylinder water-cooled type, tlie 
155 mm. and the stroke 200 mm., i.e., 5 mm. less in the 
bore and 20 mm. longer in tlie stroke than the 260 h.p. 
Mercedes engines. Owing to the damaged condition of 
the cylinders and pistons it has been difficult to ascertain 
the exact clearance volume. This is approximately 1,130 
c.c, giving a compression ratio of 4.34:1, wliich is lower 
than any of the previous enemy engines. Twin inlet and 
exhaust valves are fitted in the head of each cylinder, and 
the method of water cooling the exhaust valve stems by 
an annular passage, which completely surrounds the valve 
stem guides, is a novel detail of construction in German 
engines. The valves arc operated by an overhead cam- 
shaft, running in bron;!e bearings in a east aluminum 
casing; the design of the vaive rockers and valve gear is 
worthy of notice. An unusual type of compression re- 
lease gear is used, which is of remarkably simple con- 
struction. Aluminum pistons are fitted. These are 
hined all over, inside and out. The slightly convex 
supported by conical pillars which l>ear upon 
center of the gudgeon pins through the slotted small 




B.iss6-Selve engine ~1. InUkr side. 2, Exhaust siiie 
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t'ig. <S. Sectiffli of cyljndrrs 
Fig. T. Details of valve gear 



Fig. +. Sketch of water-i'oi>leil rxlinust 

valve seatings 

Fig. 5. View (if water cooling passage 

around exhaust valve guides 
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Fig. 19. Section of carburetor 



Fig. II. IJetails of eonnecting rod 
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e connecting-rods. This construction, together 
lesign nf the tubular connecting-rods, is essen- 
z practice, whilst the construction of the steel 
s taken from the 260 h.p. Mercedes design, but 
cs severnl improvi-ments. 
oil-cooling radiator is attached to the bottom 
nkcase, and is used in conjunction with a new 
iuplex-plunger oil pump, which works vcrticiilly 
r end of the crankcase. The design of the oil 
omcwhat similar to tliat now used on tlic new 
lustro-Daimler engines. Two se|iarate Iwo-jet 
s fitted with annular floats are eiiipli>yed. 
apparently equipped with some form of alti- 
Mment. L'nfortunatelj-, onlv one incomplete 
was found on the engine, the parts of which 
in Fig. 20. No details can be given of the 
m of the water pump, as this component was 
am the engine. The crankshaft is of ordinary, 
ionally heavy, design. The main journal bear- 
are machined with a screw-thread bedding for 
netal linings in a similar manner to the 300 h.p. 
engines. The propeller hnb is fitted to a de- 
apered extension piece, which is bolted by a 
the end flange of the ' crankshaft. Further 
the design arc given in the following descrtp- 
the leading particulars of the engine are given 
ompanying data, which are as complete as the 
}f the engine .illows. 

Cylinders 

inal drawing showing most of the construction 
el cylinders is given in Fig. 6. The cylinder 
e screwed into the heads and welded in posi- 



tion. This construction is similar to the 260 h.p. 
Mercedes, as also are the eight ribs machined on the 
outside of the barrels. The cylinder heads are of cast 
steel, and the four \-alve pockets in each cylinder are cast 
integrally with the head. The formation of the com- 
bustion chamber and the unusual inclination of tlie valves 
at 2.1.5° to the vertical axis of the cylinder are interesting 
points. The formation of the water passages in the 
heads and the construction of the water jackets have evi- 
dently received the most careful consideration in this 
engine, especially in the cooling of the exhaust valves. 
The cylinder water jacket capacity is remarkably high, 
and the water passages through the cylinder heads are 
exceptionally good. The water connections between the 
cylinders are all on the exhaust valve side, and are of 
large diameter. The water connections in the cylinder 
heads are arranged as close up to the exhaust valves as 
possible. 

The construction of the valve stem guides is as follows : 
The valve guides are steel tubes lined with phosphor 
bronze; they are pressed into the valve pockets, and are 
acetylene welded in position top and bottom ; an annular 
passage cast in the exhaust valve packet entirely sur- 
rounds the central portion of each exhaust valve stem 
guide for a distance of 35 mm. Tliese passages aw 
shown in the sketches, Figs. 4 and 5. The water jackets 
are of pressed sheet steel, with two angular corrugations, 
and the bottom joints of the water jackets are welded to 
beveled flanges turned on the outside of the cylinder 
barrels. This joint is of the same design as is now used 
in the 200 h.p. Austro-Daimler engines. 

A water passage is cast in the cylinder heads between 
each pair of exhaust valves, as shown in Fig. 5, which 
allows of water circulation completely around the head 
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of each exhaust valve, and the exluiust valve stems arc 
completely water cooled. Tlie cylinders are bolted down 
to the crankease liy steel dogs, which elam)) the base 
flnngcs of the cylinders at six jioiiits. The cylinders are 
registered in the erankcase by sjiifcuts extending 8 mm. 
below tile base flnngcN. Kach cylinder is held diiwn at 
six iM>ints by means of doRS which clamp the cylinder 
base flanges on each side. These dogs are secured by 
studs screwed into the lop half of the erankcase. The 
main journal bearing bolts, which pass through the top 
half of the ernnkease, are also used to hold down the 
cylinders by bridgi.- ilanips between each pair of cylin- 
ders, as shown in the photograph. The liiwer halves of 
the main bearings are integral with the bottom half of 
the erankcase. I.oeknuts arc screwed on the upper ends 
of the main bearing bolts beneath the cylinder holding- 
down dogs, so that the cylinders eon be removed without 
disturbing the main bearings. 

Valves 

The inlet and exhaust valves are 
of the same diameter in the heads 
and stems, and of similar section. 
The valves measure (il.O aim. ,■u'ro^s 
their slightly convex heads. The 
eflectivc diameter of the valves at 
the valve scatings is .'>*i mm. The 
valve seatings of each jiair of valves 
mergi- into single inlet and exhaust 
ports in the cylinder beads. These 
are nctangular. aiil the passages 
are remarkably sliort and free. 

Singh' valve S])rings are fitted to 
each valve, and tlu- wire for the 
springs is of light gauge (appro\- 
imately t.n nmi. di.im<-ter). Tlie 
Name design of valve spring is used 
for both inlet .ind exhaust v-ilves. 
but the exhaust sjirings are nion' 
CT)iHi>ressed. The ends of the valve 



This valv( 



racing cars (foui 
ago. 

Kach pair of valves 
mounted on ball hearing 
lever is operated by its 
half of the eunisbaft cas 
is clearly shown in the 
and in the sketch. Fig. 
form of stirrups which 



stents are screwed to take the sjirin: 
collars, which are lucked by a jiliiii 
castellated locking nut and split pin. 

Valve Gear 

, The general lay-out of the vain 
gear is shown in the cross-sectioul 
arrangement drawing. Fig. 13, nnJ 
jiresents some interesting detaib of 
desig:). The camshaft runs in fi|;lit 
comparatively short plain be»rlni[> 
of phos|)hor bronze, which are litid 
in split aluminum housings of JinlW 
section and large diameter. Tbew 
are carried in the halves of a fa-l 
aluminum camshaft casing, and an- 
located by dowel pegH in the usual 
way. The camshaft is made in tvu 
parts, joined together at the eentn 
by two flanges and four short boltt. 
ery similar to that used on the Peugwt 
aires per cylinder) about seven years 



depressed by a rocker levtr 
The inner arm of each rorkei 
n through a ta)>{>et in tite top 
The design of these tapprt^ 
OSS-sectional drawing. Fig. T. 
The tappets are made in tlir 
'ncircle the cams, and 



ported in bronze bushes at the top and bottom endv 
The cams and their tappets are case-hardened, and the 
camshaft bearings and tap{)ets are lubricated undrr 
pressure through the hollow camshaft. 

Compression Release 

A simple form of compression release gear is used in 
le usual half compression 
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mechanism. This is operated by 
means of a rod which lies horizontally 
along the outside of the camshaft cas- 
ing directly underneath the exhaust 
valve rocker arms. This rod has slots 
cut in it (as shown in Figs. 6 and 
10), which lift the exhaust valve 
rockers when the rod is partially ro- 
tated by means of the hand lever fixed 
to the rear end of the horizontal rod. 
The purpose of this compression re- 
lease is apparently to facilitate swing- 
ing the propeller. 

Pistons 

The aluminum pistons are illustrated 
in Figs. II and 13. 

The crowns are considerably domed 
and the pistons are machined all over, 
both inside and out. Both the ma- 
terial and the machining are excellent. 
No ribs are formed on the inside of 
the pistons, the crowns being sup- 
ported by a hollow conical pillar which 
bears on the center portion of the gudgeon pin, i 
Benz and other engines. This conical pillar i 
with the piston crown. The inside of the pillar is ma- 
chined through a hole in the center of the crown which is 
afterwards plugged with a flanged cap screwed into the 
center of the crown, as shown in the drawing. Three 
cast-iron compression rings are provided above the 
gudgeon pin and one at the bottom of the skirt, all with 





I integral 




Details of pistons and the gudgeon pin 



stepped joints. The maehining processes of this type of 
piston are obvious from the illustrations. No bushes are 
provided as liners in the gudgeon pin bosses. The 
gudgeon pin is fixed in position by a large hollow set-pin 
which passes through both sides of the boss and gudgeon 
pin as shown. The weight of each piston complete with 
rings is 5.18 lbs. 



Connecting Rods 

These are of tubular section, and 
closely resemble tlie Benz connect- 
ing-rods in design, but arc of consid- 
erably larger proportions through- 
out. The inner surfaces of the big- 
end shells are machined with a fine 
pitch screw thread to take the white 
metal liners as in the 300 h.p. May- 
bach engines. The crankshaft jour- 
nal bearings are machined in a sim- 
ilar manner. Other details of the 
connecting-rods may be seen in tiie 
photographs attached. These rods 
are particularly heavy, the weight of 
the complete connecting-rod heing 9.0 
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Fig. 16. Lubrication diagram 



Crankshaft 

The crankshaft is of normal de- 
sign, and apart from its massive pro- 
portions requires no special descrip- 
tion. All the hollow crankpins and 
journals are of the same internal di- 
ameter (40 mm.), and are plugged 
with gunmetal discs expanded into 
grooves. All the crank webs are 
drilled for lubrication with oil pas- 
sages connecting the hollow crank- 



270 
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pins and journals. A large double-tlirust hall race ir 
fitted to the front end of the crankshaft by means of a 
shoulder machined on a flange just behind the propeller 
hub; the thrust races are threaded on over the cranks, 
and are secured by a large screwed collar and spring 
locking ring. The main distribution bevel gear floats on 
the splined rear end of the crankshaft, and is fitted with 




Fig. 2i. Section of oil pur 



a thrust ball race between the bevel and the rear end of 
the journal bearing. 

Propeller Hub 

This ia of the standard 260 h.p. Mercedes type, and is 
fitted to a short-tapered extension of the crankshaft. 
This extension is detachable, being bolted to a fiange on 
the crankshaft; the propeller hub is secured on the 
tapered extension by a key. The standard Mercedes lock- 
ing device is used. 



Carburetors and Induction 

Unfortunately, only one incomplete carburetor k»s 
found on the engine. This is shown dismantled in Fig. 
20. The carburetors, which are quite separate, are of 
unusually light and simple construction compared with 
previous German design. The floats and float chambers 
are of the annular type, and encircle the main air intakes 
directly below the throttles, which are of the ordinarr 
butterfly type. The body of each carburetor and throttle 
is made of cast aluminum and the main jet is formed by a 
hole drilled in a tube which is screwed diagonally into tiie 
water- jacketed body of the carburetor, and lies across 
the choke tube directly beneatli the throttle. The jet tube 
is open at the bottom end, and projects into the bottom 
uf the annular float chamber, which is made of pressed 
sheet steel of very light gauge. The pilot jet is formd 
by a second tube of small diameter inside tlie main jet 
tube. This pilot jet tube is also open at the bottom end, 
and is drilled radially with a small hole, just above the 
main jet. It communicates with the mixing chamber jnst 
above the tbrpttle by a passage drilled in the carburetor 
body. An altitude comi>ensating control is fitted. This 
takes the form of a pipe opening into a passage drilled 
in the top of the float chamber, and no douht connected 
by a rubber tube to a control cock in the pilot's se«L 
Each carburetor feeds three cylinders through n branched 
induction manifold, the vertical part of which is wate> 




Fig. 36. Sectional general arrangement of the Bassf-Set 
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ted. The total weight of each carburetor complete 
1 not exceed 2 lbs. 

Crankcase 

e design of the top half of the crankcase requires no 
iption, being constructed on Mercedes lines; it is 
1 in the engine photographs. The lower half also 
y follows standard Mercedes design, with the ex- 
>n of the oil reservoir and oil-cooling radiator on the 
m of the rear end. The construction of this cooler 
be seen in Figs. 21 and 22; it consists of a cast 
num oil chamber^ having a number of thin aluminum 

(12 mm. diameter) running longitudinally in three 

and expanded at the ends. The cooler is bolted to 
>ottom flange of an oil reservoir below the base 
ber^ and is not an oil sump^ inasmuch as there are 

connections between it and the base chamber. This 
?servoir and cooler is provided for the purpose of 
ng the service oil tank, and for cooling the oil on 
cavenger circuit; separate oil sumps are provided 
eh end of the base. (See notes on Lubrication.) 
he purpose of refilling the supplementary oil tank 
ooler a passage cast in the side of the base chamber 
unicates with the space between the transverse 
of the main bearing housings. At the bottom of the 

chamber a trough is formed in the casting. This 
ai-circular in cross section, and is provided to take 
lain oil supply and return pipes. Two air intake 
ges are cast on each side of the crank chamber^ as 
1 in Fig. 21 ; they are arranged to communicate with 
arburetor through passages in the top and bottom 
$ between the transverse box-housings of the main 
igs. 

Oil Pump and Lubrication System 

s oil pump is attached to the bottom half of the 
case at the rear end, and driven by a worm gear off 
:ar end of the crankshaft through a short transverse 
ift. Most of the details of construction of the oil 
may be seen in the photograph of the pump. Fig. 2S, 

has been specially sectioned to show as much as 
>le of the various oil passages, ports and connections. 
3ump consists of two double-acting steel plungers, 

work vertically in the barrels formed in the ends 
: cast aluminum pump body. In action, the plungers 
)tated by means of the worm gear, and are simul- 
jsly reciprocated by the action of tlie scroll-cam 
I the spindle (Fig. 24), and operated by a hard- 
steel roller working on a pin screwed into the 

body. At every stroke of tlie two double-acting 
ers, oil is drawn from the cooler tank and sumps in 
ise chamber, and is delivered to the main bearings 
amshaft or returned to the oil cooler respectively, 
5h the four distributing ports in the pump plungers. 

ports when in action coincide with the drilled 
^es in the body casting of the oil pump, which are 
?ted to the various leads as shown in the lubrica- 
iagram, Fig. 25. 
? functions of tlie oil pumps and circuits are as 

s: 

Main Pressure Circuit, by the two inner pumps to 



crankshaft and connecting-rod bearings and also to the 
hollow camshaft, returning by gravity to the two sumps 
at either end of the base chamber. The oil for this cir- 
cuit is drawn from the supplementary oil cooler tank, 
which is replenished by fresh oil from the service oil tank. 

2. Scavenger Circuit, — Oil is drawn by the two outer 
pumps from the two oil sumps in the bottom of the base 
chamber, and is returned to the oil cooler. 

The total weight of the oil pump complete is 5.0 lbs. 
No details can be given of the construction of the water 
or air pumps, which were missing from the engine ex- 
amined. The water pump, however, was evidently driven 
by the short transverse shaft which drives tlie oil pump 
at the rear end of the engine. This shaft is situated 
directly underneath the floating distribution bevel gear on 
the rear end of the crankshaft, as shown in the general 
arrangement drawing of the engine, Fig. 26, in which the 
oil pump, for the sake of clearness^ is drawn on tiie 
exhaust side of the engine. The air pump, which was 
driven by a small crank fixed in the front end of the 
camshaft, was probably similar in design to the 260 h.p. 
Mercedes, and is shown thus in the general arrangement. 

Ignition 

Ignition is by two Z.H. 6 magnetos, which are driven 
obliquely to the crankshaft axis by bevel gears Off the 

GENERAL ANALYSIS OF WEIGHTS 



Description of Part. 



Cylinders (bare) 

Pistons, with rings .... 

Gudgeon pins 

Connecting rods 

Crankshaft 

Inlet valves 

Exhaust valves 

Inlet and exhaust valve 
springs 

Valve collars and locking 
nuts 

Valve rockers, with hear- 
ings 

Camshaft, with bearings . . 

Camshaft tappets 

Camshoft casing, with air 
pump and rev. counter 
drive 

Vertical shaft driving 
spindle 

Ditto, casing 

Crankcase (top half) 

Crankcase (hot. half) .... 

Propeller, hub, complete . . . 

Carburetors 

Induction pipes 

Oil pump 

Oil leads 

Magnetos 

High tension leads and case 

*Water pump (estimated).. 

*Exhaust manifold (esti- 
mated) 

Miscellaneous prirts 
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camshaft driving spindle at the rear end of the engine. 

Two Bosch 3-point plugs are fitted to each cylinder, 
and are situated just below the induction valves. Pro- 
vision is also made for fitting one sparking plug on the 
exhaust side of the cylinders, the holes not in use being 
plugged. 

The H.T. cables are carried in fiber tubes attached to 
the cylinders. 

The machine-gun interrupter-gear triple drive is bolted 
to the camshaft bevel gear case, and is driven off the rear 
end of the camshaft as shown in Fig. 2. The wireless 
dynamo is driven off the rear end of the crankshaft by a 
standard type of friction-clutch belt pulley described in a 
previous report. 

General Data 

Type number. No. 550; number and arrangement of 
cylinders, six, vertical; bore, 155.0 mm. (6.10 in.); 
stroke, 200.0 mm. (7.87 in.); stroke/bore ratio, 1.29:1; 
area of one piston, 188.7 sq. cm. (29.24 sq. in.); total 
piston area of engine, 1132.2 sq. cm. (175.44 sq. in.); 
stroke volume of one cylinder, 3774.0 cub. cm. (230.21 
cub. in.) ; total stroke volume of engine, 22644.0 cub. cm. 
(1,381.28 cub. in.); clearance volume of cylinder, 1,130 
cub. cm. (68.96 cub. in.) ; compression ratio (approxi- 
mate), 4.34:1; normal b.h.p. at 1.400 r.p.m., 261) b.h.p. ; 
maximum b.h.p. at 1,600 r.p.m., 302 b.h.p.; direction of 
rotation of crankshaft and propeller, r.h.t.; type of valve 
gear, overhead camshaft; type of starting gear, compres- 
sion release; weight of complete engine, dry, 885 lbs.; 
weight per normal b.h.p., ditto, 3.29 lbs. 

Carburetors 

Number and type of carburetors, two, 2 jets; diameter 
of choke tube, 50.0 mm. (1.96 in.); bore of main jets, 
2.59 mm. (0.0102 in.); bore of pilot jets, 1.17 mm. 
(0.0046 in.). 

Valve Areas, Gas Velocities, etc. 

Diameters — Induction pipe, 58.0 mm. (2.28 in.) ; inlet 
and exhaust effective valve ports (each), 56.0 mm. 
(2.20 in.). Cross sectional areas — Induction pipes, 
26.4 sq. cm. (4.10 sq. in.); inlet valve (tt dh) and ex- 
haust valve (tt dh) (each), 17.6 sq. cm. (2.72 sq. in.). 

Mean Gas Velocities 

Piston speed, * 1,837 ft. per min.; induction pipe, *2I9 
ft. per sec; inlet valve, *164 ft. per sec; exhaust valve, 
*164 ft. per sec. 

inlet and Exhaust Valves 

Number per cylinder (each), two; largest diameter, 
61.0 mm. (2.40 in.); effective valve port diameter, 56.0 
mm. (2.20 in.); angle of seating, 45°; lift of valve, 
10.0 mm. (0.39 in.); diameter of stem, 11.0 mm. (0.43 
in.) ; length of valve guide, 90.0 mm. (3.54 in.) ; overall 
length of valve, 146.0 mm. (5.74 in.); number of springs 
per valve, one; free length of spring, 80.0 mm. (3.14 in.) ; 
length of spring in position (no lift), inlet, 58.0 mm. 



(2.28 in.) ; length of spring in position (no lift), exhaust. 
55.0 mm. (2.16 in.); mean diameter of coils (top), 36.U 
mm. (1.41 in.); mean diameter of coils (bottom), 28.0 
mm. (l.IO in.); diameter of wire, 4.0 mm. (0.157 in.): 
ratio, length of spring/lift of valve (inlet), 5.8:1; ratio, 
length of spring/lift of valve (exhaust), 5.5:1 ; weight of 
valve complete with spring, 0.75 lb.; weight of spring, 
0.25 lb. 

Inertia Forces, Bearing Loads, etc. 

Weight of piston, complete with rings and gudgeon 
pin, 6.187 lbs.; weight per sq. in. of piston area, 0.21 1 lb.; 
weight of connecting-rod, complete, 9.00 lbs.; weight of 
reciprocating part of connecting-rod, 2.25 lbs.; total 
reciprocating weight per cylinder, 8.437 lbs.; weight per 
sq. in. of piston area, 0.288.; length of connecting-rod 
(centers), 360.0 mm. (14.17 in.); ratio, connecting-rod 
crank throw, 3.6:1; inertia Ibs./sq. in. piston area: 
Top center, 80.7 lbs. sq. in.; bottom center, 45.7 lbs. 
sq. in.; mean, 31.6 lbs. sq. in.; weight of rotating mass of 
connecting-rod, 6.75 lbs.; total centrifugal pressure, 
1,480 lbs.; centrifugal pressure, Ibs./sq. in. piston area, 
50.7 lbs. sq. in.; mean average fluid pressure, including 
compression, 44 lbs. sq. in.; mean average loading on 
crankpin bearing, total from all sources in terms of lbs./ 
sq. in. piston area, 115.7 lbs. sq. in.; diameter of crankpin, 
70.0 mm. (2.75 in.); rubbing velocity, 16.8 ft. per sec; 
effective projected area of big-end bearing, 53.9 sq. cm. 
(8.35 sq. in.); ratio, piston area/projected area of big- 
end bearing, 3.50:1; mean average loading on big-end 
bearing, 405 lbs. sq. in.; load factor on big-end bearing, 
6,800 lbs. ft.-sec. 

Cylinders 

Depth of spigot at base of cylinder, 8.0 mm. (0.31 in.); 
thickness of flange at base of cylinder, 10.0 mm. (0.39 
in.) ; number of holding-down studs per cylinder, six; 
diameter of holding-down studs, four of 16.0 mm., two of 
14.0 mm.; thickness of water-jacket, 1.0 mm. (0.039 in.); 
mean thickness of combustion chamber wall, 7*0 mm. 
(0.27 in.) ; mean thickness of cylinder barrel, 3.0 mm. 
(0.118 in.). 

Pistons 

Types of piston, aluminum (convex crown) ; diameter 
of top, 154.5 mm. (6.08 in.); diameter of bottom, 154.75 
mm. (6.09 in.); length, 130.0 mm. (5.11 in.); ratio, 
piston length/cylinder bore, 0.838:1; number of rings per 
piston, four; position of rings, three above pin, one below; 
width of rings, 6.0 mm. (0.23 in.) ; type of joint in rings, 
stepped. 

Connecting Rod 

Length between centers, 360 mm. (14.17 in.); ratio, 
connecting/crank throw, 3.6:1; little-end bearing, type, 
phosphor bronze; little-end bearing, diameter, 35.0 mm. 
(1.37 in.) ; little-end bearing, length, 80.0 mm. (3.14 in.); 
little-end bearing, projected area, 28.0 sq. cm. (4.84 sq. 
in.) ; ratio, piston area/projected area of little-end bear- 
ing, 6.74:1 ; big-end bearing, type, bronze shell lined white 
metal; big-end bearing, diameter, 70.0 mm. (2,75 in.);. 
big-end bearing, length effective, 77.0 mm. (8.08 in.); 
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id bearing, projected area, 53.9 sq. cm. (8.35 sq. 

ratio, piston area/projected area of big-end bear- 
J.50:l; number of big-end bolts, four; full diameter 
>lts, 12.0 mm. (0.47 in.); total cross-sectional area 
m of threads (0.460 sq. in.); pitch of threads, 1.75 

weight of big-end cap, with two bolts and bearing 

2.562 lbs.; total load on bolts at 1,400 r.p.m., 

' lbs.; total load on bolts at 1,600 r.p.m., 4,530 lbs.; 

i per sq. in. at 1,400 r.p.m., 7,500 lbs. sq. in.; stress 

q. in. at 1^600 r.p.m.^ 9,850 lbs. sq. in. 

Crankshaft. 

mber and type of main bearings, seven bronze shell 
white metal; cylinder centers, 210.0 mm. (8.26 in.), 
^pins: Outside diameter, 70.0 mm. (2.75 in.); in- 
diameter, 40.0 mm. (1.57 in.); length, 85.0 mm. 
in.). Journals: Outside diameter, 70.0 mm. 

in.); inside diameter, 40.0 mm. (1.57 in.); length 
leller end), 60.0 mm. (2.36 in.); length (rear end), 
mm. (3.74 m.) ; length (intermediate), 63.0 mm. 

in.). Webs: Width, 84.0 mm. (3.30 in.); thick- 

'front one), 37.0 mm. (1.45 in.); thickness (others), 

mm. (1.22 in.). Radius at ends of crankpins and 

als, 4.0 mm. (0.158 in.); weight of complete shaft, 

lbs.; length of complete shaft, 820 mm. (38.28 in.). 

Ignition 

nber and type of magnetos, two, Bosch Z.H. 6; 
sequence of engines propeller 1, 5, 3, 6, 2, 4; num- 
plugs per cylinder, two ; type of plugs, Bosch three- 
ratio, magneto speed/engine speed, 1.5:1. 

Lubrication 

aber and type of oil pumps, one, duplex (double- 
); ^bore, 45.0 mm. (1.77 in.); stroke, 12.0 mm. 
in.)- 



R. A. E. Metallurgical Report 
Chemical Analysis 

Chemical Analysis 

The chemical compositions of the crankshaft and 
piston are as follows: 

Crankshaft — Per Cent. 

Carbon 0.48 

Silicon 0.32 

Sulphur 0.061 

Phosphorus 0.016 

Manganese 0.32 

Nickel 2.59 

Chromium 1.17 

Vanadium Nil 

A 1 Piston — 

Silicon 0.45 

Iron 1.06 

Copper 1 .90 

Tin Nil 

Zinc 15.62 

Manganese Nil 

Aluminum (by diff.) 80.97 

Mechanical Tests 

Mechanical tests on the crankshaft gave values stated 
below : 

A. B. C. 
Web. Web. Pin. 
Longi- Trans- 
Mark, tudinal verse 

Diameter 249 in. .253 in. .249 in. 

Yield point, tons/sq. in. . . 44.6 in. 44.5 in. 46.3 in. 

Ultimate stress, tons/sq. in. 55.5 in. 54.4 in. 56.4 in. 

Elongation on 4 y/A 19.5% 12.8% 20.8% 

Reduction of area 487^ 24% 56% 

Impact, ft. lbs J28 26 41 

^25 25 41 



THE i6o H.P. BENZ 



We publish herewith a description of the German Benz 
160 h.p. aviation engine, through the courtesy of our 
English contemporary. The Aulomobite Engineer, which 
has been given special facilities by the Naval and Mili- 
tary authorities for securing the details. 

The engine formini^ the suhject of the ensuing notes is 
the six-cylinder 160 h.p. Benz, and is, of course, designed 
for a different purpose from the 200 h.p. Maybach de- 
scribed in the December issue of The Automobile Engineer, 
inasmuch as the Benz is evidently entirely a production 
for use in ai:roplanes. The bore and stroke are l.W mm. 
and IHO mm. respectively, and the general exterior design 
is excellent, although in certain directions, that we are 
precluded from discussing here, the engine does nut com- 
pare favorably with the best aeroplane engines of Allied 
manufacture. However, in so far as general neatness and 
careful arranging are concerned, the Benz is extremely 
commendable. It will be noticed that the engine is of 
very compact outline, with water piping at a minimum, 
and that altogether it is of as good streamline form as is 
practically possible. In the detail design, disposition of 
the accessories, etc., the engine is equally good. 

From the aide view of tiie engine it will be seen that the 
interconnected throttles of the two carburetors are incorpo- 
rated in the crank case casting, the two float chambers 
bolting to the side of the crank case just beneath. From 
the top face of the crank ca.se the induction pipe branches 
run compactly' against the cylinder to the inlet ports. Be- 



tween the two induction branches the water inlet t 
cylinder jackets will be noticed, and in connection 
details of the water circulation generally it may be 
tioncd that this short pipe is practically all (he ' 
piping on the engine. From the off-side view of the e 
it will be seen that water connections between the cylii 
are made by face joints, both the inlet water pipe aii' 
outlet water pipe being practically integral with the c 
ders, each section of the pipe making a butt joint wil 
neighbor as follows: A rubber ring interposed bet 
each pair of cylinders is compressed between the faci 
tlie waterways, so making the joint. The same meth< 
adopted for the top water pipes, so that a neat and 
pact arrangement results; the waterway from the p 
is cast in the crank case. 

The rear end view of the engine shows the neatness 
compactness with which tlie two magnetos have I 
mounted; the sturdy box section brackets on which i 
rest will be noticed. 

Ail things considered, the general layout of the en| 
presents many pleasing features that designers will apj 
ciate, although, of course, it is by no means suggested I 
such ingenuity in design necessarily implies that the 
gine is either correct in other and more theoretical ( 
sideratinns, or even that it is necessarily reliable. It n 
be, or it may not, but the exterior appearance is certai 

With regard to the detail construction of the engine, 
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rs, it will be seen, are separate. They are of cast 
^ith pressed steel water jackets welded on. The 
case, of course, is of aluminum, and all the valves 
cessory driving gear have been arranged at the rear 
the engine, with the evident object of keeping the 
;nd clear for the fixing of the propeller hub. The 
ift is on the off side of the crank case, and operates 
lives through the usual pusher rods. The valve 
5 levers are built up from plate, two strips of mild 
\\eet about 3 mm. in thickness being employed. The 
ns for the valve rocking levers are arranged at the 
>f rods with bosses for this purpose on the top. 
rods are screwed into the cylinder heads, and they 
ted with ball bearings. The valve pressers them- 
are hollow, having a wall about iVi mm. thickness, 
e bottom of the hollow has a small radial cavity in 
the ball end of the valve pusher rod itself rests, 
live rod carries at its lower end an inverted cup that 
le pusher guide to throw back any oil escaping from 
live rod pusher. Tlie adjustment is extremely 
, and consists of a ball-ended screw locked in the 
•OSS of the overhead rocking lever by a nut. This 
is further locked and clamped by a small set screw 
5 through tlie split boss, 
driving arrangement for the crankshaft and ac- 
es is interesting. On the crankshaft next to the 
?b is a pinion driving the camshaft and gear. This 
drives also a wheel directly above it, which is in- 
with a short spindle that carries the large bevel for 
igneto drive, and the small bevel for tiie revolution 
r. Solid with this spindle is a cam that operates 
pump, and the wheel driving this spindle also drives 
nshaft. On the end of the camsiiaft a furtiier small 
is fitted that drives the water pump, and the oil 
is skew gear driven off tlie camshaft. The general 



arrangement drawing that shows the scheme of the ac- 
cessory driving gear also shows very clearly the arrange- 
ment of the water pump and the manner in which it de- 
livers to the integrally cast water pipe in the crank case 
casting. The off side view of the engine, showing the 
high-tension wire carrier, valve pusher rods, etc., shows 
also the two breathers arranged on the side of the crank 
case, and also the air inlet ports to the two carburetors. 
The air supply to the carburetors is so arranged that it is 
drawn through the crank case, cooling and scavenging 
tliis, and at the same time warming the air. It will be 
noticed from the end view of the engine that there is a 
further breather arranged on the crank case between the 
two magnetos. It is evidently the practice of the Benz 
Co. to make all the cylinders alike, because it will be seen 
that the end cylinders have the usual waterways, but these 
are blanked off. Where the water outlets occur con- 
veniently on the near side of the engine they are used, 
incidentally, to hold up the wire carrier on that side of 
the engine, there being, of course, one on each side, dual 
ignition being employed. A half compression device is 
incorporated in the crank case, although this is not very 
clearly shown in any of the illustrations. 

The crankshaft is hollow, and it is interesting to note 
that, where it has been necessary to plug this, solder has 
been used, even quite large holes being plugged with this 
material. Each journal and pin has a Tie-in. hole drilled 
through the solder plug to allow oil to escape for the lubri- 
cation of the camsiiaft, cylinders, etc. 

With regard to lubrication, the details available at the 
moment are somewhat meager, but it is believed that the 
system is of a dual type. With one system in use the oil 
is circulated to the various parts of the engine in the usual 
manner. In the event of this failing, however, it was ar- 
ranged that fresh oil could be supplied to the bearings, so 
that if one failed the supply from the other could be relied 
upon. The two systems are, we believe, quite indepen- 
dent. A gear pump running at engine speed is used in 
connection with the pressure system, and a double plunger 
pump in connection with the other system. It is hoped 
that fuller particulars may be furnished later. 

The pistons are fitted with three rings, and the gudgeon 
pin is located in each cylinder in the usual manner. The 
pistons are of cast irqn, and, as no special effort has been 
made to produce this engine for particularly high speeds, 
cast iron was doubtless satisfactory, and, moreover, the 
shortage of aluminum in Germany is well known. 

The following are a few figures in connection with the 
engine : 

Maximum li.p., 167.5 b.h.p. 

Speed at maximum h.p., 1,500 r.p.m. 

Piston speed at maximum h.p., 1,770 ft. per min. 

Normal h.p., 160 b.h.p. 

Speed at normal h.p., 1,400 r.p.m. 

Piston speed at normal h.p., 1,656 ft. per min. 

Brake mean pressure at maximum h.p., 101.2 lb. per sq. in. 

Brake mean pressure at normal h.p., 103.4 lb. per sq. in. 

Specific power cu. in. swept volume per b.h.p., 5.46 cu. in.; 

160 b.h.p. 
Weight of piston, complete with gudgeon pin, rings, etc.;, 

5.0 lb. 
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Weight of connecting-rod, complete with bearings, 4.99 

lb.; 1.8 lb. reciprocating. 
Weight of reciprocating parts per cylinder, 6.8 lb. 
W^eight of reciprocating parts per sq. in. of piston area, 

0.33 lb. 
Outside diameter of inlet valve, 68 mm. ; 2.68 in. 
Diameter of inlet valve port {d), 61.5 mm.; 2.42 in. 
Maximum lift of inlet valve (h), 11 mm.; 0.443 in. 
Area of inlet valve opening (tt dh)y 21.25 sq. cm.; 3.29 

sq. in. 
Inlet valve opens, deg. on crank, top dead center. 
Inlet valve closes, deg. on crank, 60° late; 35 mm. late. 
Outside diameter of exhaust valve, 68 mm.; 2.68 in. 
Diameter of exhaust valve port (d), 61.5 mm.; 2.42 in. 
Maximum lift of exhaust valve (h) 11 mm.; 0.433 in. 
Area of exhaust valve opening (tt d h), 21.25 sq. cm.; 3.29 

sq. in. 
Exhaust valve opens, degrees on crank, 60° early; 35 mm. 

early. 
Exhaust valve closes, degrees on crank, 16%° late; 5 mm. 

late. 
Length of connecting-rod between centers, 314 mm.; 

12.36 in. 



Ratio, connecting-rod to crank throw, 3.49:1. 

Diameter of crankshaft, 56 mm. outside, 2.165 in.; 28 mm. 

inside, 1.102 in. 
Diameter of crank pin, 55 mm. outside, 2.165 in.; 28 mm. 

inside, 1.102 in. 
Diameter of gudgeon pin, 30 mm. outside, 1.131 in.; 19 

mm. inside, 0.748 in. 
Diameter of camshaft, 26 mm. outside, 1.02^ in.; 18 mm. 

inside, 0.708 in. 
No. of crankshaft bearings, 7. 
Projected area of crank pin bearing, 35.85 sq. cm.; 5.7^ 

sq. in. 
Projected area of gudgeon pin bearing, 22.20 sq. cm.; 

3.44 sq. in. 
Firing sequence, 1, 5, 3, 6, 2, 4. 
Type of magnetos, ZH6 Bosch. 
Direction of rotation of magneto from driving end, one 

clock, one anti-clock. 
Magneto timing, full advance, 30° early (16 mm. early). 
Type of carburetors, (2) Benz design. 
Fuel consumption per hour, normal h.p. 0.57 pint. 
Normal speed of propeller, engine speed, 1,400 r.p.m. 



THE 230 H.P. BENZ 



General Description 

■Uowing the usual German aero engine practice, tlie 
h.p. Benz is of the six-cylinder vertical water cttolcd 
Each separate cylinder is bolted to the eronkcase 
ong bolts and studs, which pass through the crank 
iber top half and secure the crankshaft bearings be- 
n the top and bottom halves of the crank chamber, 
wo inlet and two exhaust valves are fitted in the head 
acb cylinder. The valves are operated by overhead 
e rockers working on ball bearings and by push rods 
ither side of the cylinders. The two camshafts, which 
on plain bearings, are neatly arranged inside the top 
of the crankcase, and the floating exhaust camshaft is 
ided with half -compression cams. 

le pistons are of cast iron, fitted with three excep- 
lly wide rings, and the piston heads, following usual 
practice, are supported by conical steel forgings 
;d and welded to the piston crown, which bear on the 
r portion of the gudgeon pins, through slots cut in 
tnnecting rod small ends. 



As in the 160 h.p. Benz engines, two separate two jet 
carburetors are fitted, each having their air intake passages 
through the top half of the crankcase casting. Each car- 
buretor supplies three cylinders through an independent 
branched induction pipe, built up of light aluminum tube. 

The lubrication of the crankshaft and connecting rod 
bearings is effected by a gear pump working in an auxiliary 
oil reservoir formed in the bottom of the air cooled base 
chamber. 

An oil sealed gasoline pump of interesting design sup- 
plies gasoline to the carburetors in conjunction with a 
supplementary pressure reservoir enclosed in the main 
gasoline tank. The gasoline pump is driven off the rear 
end of the inlet camshaft. The same driving spindle also 
operates the machine gun interrupter gear and the 
tachometer drive. 

Cylinders 

Except for the steel water jackets, the cylinders are 
made entirely of cast iron. The water jacketed heads. 




Fig. 1. Part end view of the 330 H.P. Ben* engine showing gasoline and water pump 
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including the twin inlet and exiiaust valve passages, are 
cast integral with the cylinder castings. 

The bore of the cylinders is liS mm. and the thickness 
of the cylinder walls tapers from 5.S mm. at the base 
flanges to G.5 mm. at the top of the cylinder barrels. The 
water jackets are of die-pressed sheet steel, built up froni 
half sections and welded both at the vertical joints and at 
the bottom of the water jackets to flanges macliined on 
the outside of the cylinder barrels. The water jackets are 
exceptionally long, extending to within 'IS mm. of the 
cylinder base flanges. Seven annular corrugations are 
formed in the water jackets to allow for expansion, and 
three transversely in the sheet steel crown of tlie water 

The water spaces formed in the cylinder-heads and the 
cooling of the valve pockets is well carried out. Dished 
plates are welded in position in the water space above the 
crown of eacii cylinder to deflect the flow of water on to 
the exhaust valve pockets. The diameter of the cylinder 
head water connections is 60 inn*. 

The cylinder registers extend to 10 mm. below the base 
flanges into the crank chnmber, and are held down by four 
13 mm. studs, and also by dogs at four points. The dogs 
are secured by long studs which pass through the top half 
of the crank chamber and arc screwed into the bottom 



halves of the main bearing housings, which are cast in- 
tegral with the bottom half of the base chamber. The 
parts of the holding-down studs which screw into Ik 
aluminum are of larger diameter and of coarser pilch. 
The nuts which secure the cylinder holding-down clsmpi 
are of interesting design, being of circular cupped forma- 
tion and drilled radially with four 12 mm. holes for screw 
ing up with a " Tommy Bar." 

The total weight of each cylinder complete with valves, 
valve springs and valve rocker supports equals 4-1.33 Ihs. 

Pistons 

The pistons, with the exception of the small conital 
pillars, are made entirely of cast iron, and weigh 7M Ibv 
each, complete with rings and gudgeon pin. 

Three rings are provided above the gudgeon pin, the 
lower one being a scraper ring. The width of each ring 
is 8 mm., and the widtli of gap in cylinder equals O.I'S nuD. 
The space between the two top rings is 4.23 mm., whil>t 
the scraper ring is 10 mm. below the middle ring; * ram. 
pegs are provided to locate the radial position of each rinK, 
and six 2 mm. holes are drilled in the piston below the 
scraper ring. 

The slightly doned head of each piston is supported bv 




Fig. i. Sectional general arrangement 
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a hollow conical pillar, which ia ma- 
chined from a steel forging and is 
riveted on to the underside of the 
piston, as shown in the sectional 
drawing of the piston (Fig. .'>). The 
lower end of the conicnl pillar, whieh 
in machined at the same time as the 
hole^i in the gudgeon |)in bosses are 
bored, bears on the center part of the 
f(udgeon pin, and to allow for this 
the center portion of the top of the 
connecting rod small end and gudg- 
eon pin bush is cut away. By this 
construction tlie greater part of the 
force of the explosion is transmitted 
from the liead of the piston direetly 
to the connecting rdd. 

The gudgeon pins are 38 mm. di- 
ameter, and are bored 30 mm. inside 
diameter. The center portion of the 
gudgeon pin is 25 mm. bore for a 
depth of 20 mm., where the conical 

piston head support bears on the center of the gudgeon' 
pin. The pislnn ring .side clearance equals 0.004 in. The 
diameter at the top of the piston equals M4.IS mm. The 
diameter at the bottom of the piston equals 144.67 mm. 

Connecting Rods 

The very clean design of the tubular connecting rods is 
apparent in the photographic views, and the details of 
tlicir construction are clearlv shown in the sectional draw- 
ing(Fig.6). 

The whole of the connecting rod, including the lugs for 
the four holts securing the halves of the big end, is 
machined all over from a steel forging. The outside 
diameter of the tubular rod is 36 mm. and the inside is 
bored with a 30 mm. bole from the crankpin end to within 
6 mm. of the gudgeon pin bush — the bottom end of the 
bore being fitted with a screwed plug. 




Inlet side of the -230 H.P. Benz engine 



A 6 mm. steel pipe for lubricating the gudgeon pin is 
fixed inside the center of the connecting rod and the pipe 
is supported in the center by two flanged discs, as shown 
in the drawing. Tlie weight of tlie big end is lightened 
by four 12 mm. holes and one 30 mm. hole drilled radially 
through the big end. Two semi-circular oil grooves arc 
machined in the white metal of the big end bearing caps, 
and one lateral groove is cut in the top portion of the big 
end bearing. The total weight of the complete connecting 
rod is 7 lbs. 1 nz. ; the big end weighing i lbs. I'i ozs. and 
the small end i lbs. 5 nzs. 

Total big end side clearance equals O.].*) mm., and the 
float of the small end bush between the gudgeon pin bosses 
equals ] I' mm. 



Crankshaft 

V crankshaft runs on 



1 plain bearings. 




and weighs 109.2^ lbs, 
the propeller boss. 

The cranks are. of course, set at 
120°, and the diameter of all tlie 
journals is GH mm., while that of 
the crank ])ins is 60 mm. The 
length of the front journal be.iring 
(propeller end) equals 79 mm. and 
the length of the other journal 
bearings equals 5i mm., with the 



of the 



end bearing, 



Fig. 3. Exhaust side of the 330 H.P. Beni engine 



exceptio 

which is 5j mm. 

The crankshaft journals and 
crank jhhs ,ire bored for lubrica- 
tion, the webs being drilled with 
communicating holes in the usual 
manner. The internal diameter of 
the holes bored in both the crank 
pins and journals is :27 mm. Tlic 
ends of the holes are ))lugged with 
sheet steel discs sweated into the re- 
cessed ends of holes, and all the 
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Fig. 9. Sectional details of conniiKling 





Fl)t. e. Views of pisloi) and connecting 



rollers, with ball races; roclcer spindle 
and bearings; push rod, t*ppet and tap- 
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^iscs which plug the rear ends of the holes in both the 
«^rank pins and journals are drilled with a central 5 mm. 
Isolc, to lubricate the camshafts with the oil thrown out by 
tile cranks. 

A double thrust ball race, 120 mm. in diameter, is fitted 
.^t the front end of the crankshaft behind the front flange, 
to which the propeller hub is bolted. The thrust races 
^re large enough to be assembled over the cranks, and are 
secured in position by a split collar which is screwed on to 
the crankshaft. The halves of the split collar are held 
together on the screw thread on the shaft by a recess cut 




the same, eacli valve weighing 1.25 lbs. Tiie lift of the 
inlet valves equals 0.465 in., and lift of tiie exhaust valve 
equals OAiS in. Clearance of inlet tappet equals 0.009 
in., exhaust 0.015 in. 

Camshafts 

The hollow camshafts each run in three plain phosphor 
bronze bearings, and are arranged inside the top half of 
the crank chamber. The camshaft bearing bushes, which 
arc hollow, are 53 mm. outside diameter, and are split on 
the camshaft axis and held together bv wire rings on either 
side to allow tiie camshafts to be easily inserted in the 
crank ease. The bearings are located by grub screws 
screwed in from the outside of the crank chamber. 

The camshafts are driven by gears from Ihe intermediate 
gear wheel which meshes with the crankshaft distribution 
pinion, and arranged inside a casing formed at the rear 
end of the crankcase. The camshaft gears are bolted tu 
the camshafts by drilled flanges, which provide a vernier 
adjustment for setting the camshafts. 



in the split collar. This recess holds a corresponding 
flange turned on the crankshaft. Details of this construc- 
tion are shown in the sketch in Fig. 7. 

Fitted to the rear end of the crankshaft is a friction 
clutch for operating the wireless drive, which is designed 
so that the driving brake shoes of the clutch can be thrown 
in or out of engagement with the driving pulley from the 
pilot's seat, through the action of two wedges, which 
«pcrate the friction shoes through ball ended levers. 

The propeller boss is attached to tlie crankshaft by a 
flange which is bolted to a corresponding flange on the end 
«r the crankshaft by eight 14 mm. bolts. Full details of 
the propeller boss are given in the sectional drawing 
(Fig. 21)- 

Valves and Valve Gear 

The twin inlet and exhaust valves work vertically in the 
cylinder heads, and are operated as previously mentioned 
by rockers mounted on ball bearings, carried by supports 
screwed into the cylinder head. The general design of the 
valves and valve springs is shown in Figs. 8 and 9. 

The rocker levers operate the valve stems through 
hardened steel rollers which are mounted on eccentric 
bolts. These, in conjunction with adjustable spherical 
Joints screwed into the top ends of the vertical push rods 
on each side of the cylinders, give a line adjustment for 
the tappet clearances. The spherical joints on the valve 
rockers are evidently provided to simplify the alignment 
of the valve rocker supports which are screwed into the 
cylinder heads. 

Semi-spherical joints are also provided at the bottom 
ends of the push rods, which work in steel cups inside the 
hollow tappets, and it should be noted that the hardened 
steel rollers of the tappets are slightly ofT-set from the 
camshaft centers, and each pair of tappet guides is held 
in position by a steel bridge clamp. 

The dimensions of both the inlet and exhaust valves are 




Half compression cams are arranged on the exhaust 
camshaft in the usual manner. The lateral movement of 
the floating camshaft is effected by a small lever at the rear 
end of the crankcase which operates a two start square 
thread screw of 24 mm. pitch. The camshaft is returned 
to its normal running position by a 3|)ring arranged inside 
the front end of the hollow camshaft. Further details of 
this half compression gear are shown in Fig. 1 1. 

The half compression cams open the exhaust valves at 
35° E., and close at 22° L. 

Crankcase 

The details of the crankcase are clearly shown in the 
photographic views of the top and bottom halves (Figs. 
I.S and 14). 



282 



TEXTBOOK OF AERO ENGINES 



The method uf cooling the interior of the crank eham- 
ber and sump indicates the fact that this matter has re- 
ceived most careful consideration in design. In the top 
half of the crankcase six of the seven main bearing houses 
are cast so that the webs form air passages transversely 
across the engine. Two of these passages form the air 
intake passages for the two carburetors — similarly to 
those of the 1611 h. p. Benz engines. A section through 
one of these passages is shown in Fig. 16. 

The bottom half of the crank cliambcr is exCended to 
form an oil sump and is of unusual design. The lower 
portion is cooled by eighteen 30 mm. aluminum tubes fixed 
transversely across the base chamber, the air being 
scooped into the cooling tubes by a large sheet aluminum 
louvred cowl on the induction side of the engine. A cor- 
responding, but reversed cowl is fitted on the exhaust side. 

Breathers are also fitted into the top half of the crank 
chamber. The simple type of wire spring clip fitted to 
the breathers should be noted. 

Carburet ion System 

Two separate carburetors are fitted, each feeding three 
cylinders. These are attached by flanges to the side of 
the top half of the crank chamber. 

deferring to the sectional drawing of the carburetor 
(Fig. 16) it will be seen that the pilot jet is formed by 
an extension of the brass tube into which the main jet is 
screwed. 

This combined jet is screwed obliquely into the bottom 
of the float chamber casting and not into the body of the 
carburetor. The float chamber is attached to the body of 
the carburetor by two bolts, and the throttle is of the 
horizontal barrel type. 

The main air intake passages are east in the crank cham- 
ber between the webs of the main bearings, air entering 
each carburetor through two ports cut in the end of the 
throttle, and also through the air passage at the base of 
the carburetor below the jets. 

At full throttle most of the air is taken through the 
air ports in the throttle above the jets. When the throttle 



is closed for slow running the main jet is completely cut 
otr, and all the air is taken through the passage contain- 
ing the pilot jet. The slow running of the engine is veiv 
good. 

The air intake ports in the end of the throttle are so 
desii^ned that tlie gasoline air ratio remains practirallv 
constant over a wide range of throttle opening up to neark 
half throttle; the last movement of the throttle, however, 
causes no increase in gasoline flow, but, on the contrary, a 
slight decrease. No compensating arrangement is fitted 
for high altitude control. The body of the carburetor 
around the throttle is water jacketed, and is connected by 
an arrangement of steel piping to the delivery of the 
water pump, and also to the lower water connections at 
the bottom of the water jackets between each pair of 
cylinders. The arrangement is clearly shown in the side 
view of the engine (Fig. I). 

The design of the branched induction pipes is interest- 
ing. These are built up of aluminum tubes with cast 
aluminum bends, and weigh only 3.625 lbs. each complete 
with connections. The internal diameter of the induction 
pipe equals 58 mm. 

The attached R. A. F. test report computes the gasoline 
consumption at ISO pints per hour, equaling 0.65 pint per 
brake horsepower hour. 

The connections between the flanged bends of the in- 
duction pipes and the cylinders, and also between the 
bottom ends of the induction pipes and the carburetors 
are made with rubber ring joints secured by wide band 
clips as shown in Fig. I. 

These joints, when loosened, being more or less flexible, 
allow any one of the cylinders to be removed without dis- 
turbing the other joints of the induction branched pipes. 

Lubrication 

Pressure feed lubrication to the crankshaft and con- 
necting rod bearings is efficiently carried out by an excep- 
tionally small high speed gear pump woricing submerged 

in the reservoir formed in the bottom of the sump. The 
oil pump is virtually a triple gear pump with three func- 




Fi)f. 10. Crirnkshaft with connecting rods and propeller boss 
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Details of this oil pump are shown in the sectional 
gs (Fig. 17), and in the photograph of the parts 

18 and 19). 

oil pump works diagonally in the sump, and is 

by a long shaft and gear wheel which meshes 
ily with the distribution pinion on the rear end of 
inkshaft. 

functions of the triple oil pumps are as follows: 
is drawn by the main pressure pump A (Fig. 17) 
he reservoir in the sump through the holes in the 
iver of the pump, lubricating the main bearings 
h the main oil pipe and the small branch pipes and 

crankshaft, thence to the gudgeon pin bearings 
h the small pipes inside the tubular connecting rods, 
rplus oil is thrown out from the hollow cranks on to 
nshafts, etc., and returns by gravity to the sump, 
; over the air cooling pipes in the base. The fresh 
fed into the sump reservoir by the small suction 
B from the oil tank, whilst the correct working oil 
i maintained in the reservoir by the gear pump C, 

being drawn off through the bent pipe E, and re- 

to tlie oil tank. The fresh oil from the oil tank 
through a cylindrical gauze filter, which is attached 
under side of the crank chamber. 

complete oil pump with its filter is easily detach- 
om the sump by the studs through the flange. A 
pring loaded ball is used as an oil pressure release 
n the main oil supply pipe, 
gears of the oil pump and also the pump body are 

iron, and the weight of the complete pump equals 
s. 

consumption during R. A. F. test is stated to be 4.5 
er hour, equaling 0.02 pint per b.h.p. 
)ressure equals 50 lbs. maximum, 28 lbs. normal. 

Ignition 

Z.H. 6 magnetos are mounted on brackets at the 
id of the crank case, and are driven directly off the 
ft gear wheels. The design of this magneto drive 
rly shown in the rear end view of the engine (Fig. 
he contact breakers of the magnetos are advanced 
rded by small toothed quadrants which mesh with 
ut in the underside of the cam box, and the inter- 
ted levers of the timing advance quadrants are 
1 by a rod which passes through the end of the 
;ase casting. 

spark plugs are fitted to each cylinder, one on each 
nd the H.T. wires are carried in a sheet aluminum 
attached to the cvlinders. 

ignition is timed as 30° E. fully advanced, equaling 
. on stroke. 

er throttle and consumption curves are shown in 
\. The engine was run up to 1,700 r.p.m., the peak 

power curve occurring at 1,650 r.p.m., at which 
p. was developed. The maximum brake m.e.p. 
1 119 lbs. per square inch at 1,100 r.p.m. The re- 
f a one hour test run were as follows: R.P.M., 

b.h.p., 229; gasoline consumption, 150 pints; oil 
iption, 4.5 pints; water inlet temperature (average), 
; water outlet temperature (average), 71° C.; oil 
ature (max.), 50° C. steady; oil pressure (min.), 
sq. in. steady. 



The curve shows inlet and exhaust valve lifts at 
various angles of rotation. The engine was erected on 
a test bed and coupled to a Heenan and Froude water 
dynamometer. After preliminary running, during which 
the exhaust manifold broke and was replaced by one from 
a similar engine, the attached power, throttle, and con- 
sumption curves were obtained. 

230 H.P. BENZ 
List of Comparative Weights of Parts and Their Percentage 

of Total Weight of Engine 



Description of Part. 




% 
Total 

Weight 



Cylinders, complete including supports 
for rocker levers (six at 44.:25 lbs. 
each) 

Pistons, complete, with rings and gud- 
geon pins (six at 7.6:2 lbs. each) 

Connecting rods, complete (six at 7.13 
lbs. each) 

Valves and springs complete (twenty- 
four at 1.14 lbs. each) 

Tappets, push rods and rocker levers 
(twelve sets at 3.:2 H)s. each) 

Induction pipes, complete (two at 2.6:25 
lbs. each) 

Carburetors, complete (two at 6.54 lbs. 
each) 

Crank chamber, top half 

Crank chamber, bottom half (including 
cylinder studs and oil pump shaft) 

Crankshaft complete 

Propeller boss, complete 

Camshafts, complete, with bearings less 
gear wheels (two at 8.25 lbs. each) 

Magnetos, complete (two at 10.75 lbs. 
each) 

Ignition wiring, complete (two at 2.12 
lbs. each) 

Water pump, complete 

Oil pump, complete 

Gasoline pump, complete 

Exhaust manifold 

Miscellaneous parts ..." 

Total weight of complete engine 



205.5 

45.72 

42.78 

27.36 

38.4 

5.25 

13.08 
103.25 

110.25 

109.25 

19.32 

16.5 

21.5 

4.24 
8.75 
2.89 
6.75 
15. 
7.53 

863.32 



30.753 

5.296 

4.955 

3.169 

4.447 

0.608 

1.515 
1 1 .959 

12.77 
12.66 
2.236 

1.912 

2.490 

0.491 
1.013 
0.335 
0.782 
1.737 
0.872 

100 



230 H.P. Benz Engine Data 

Number and arrangement of cylinders, 6 vertical bore, 
145 mm. (5.71 in.); stroke, 190 mm. (7.48 in.); stroke/ 
bore ratio, 1.31 :1. 

Stroke volume of one cylinder, 3,137.476 cu. cm. 
(191.386 cu. in.); total stroke volume of engine, 
18,824.856 cu. cm. (1,148.316 cu. in.). 

Area of one piston, 165.13 sq. cm. (25.59 sq. in.) ; total 
piston area of engine, 990.78 sq. cm. (153. 57 sq. in.). 

Clearance volume of one cylinder, 796 cu. cms. (48.66 
cu. in.); compression ratio, 4.91:1. 

Normal b.h.p. and speed, 230 b.h.p. at 1,400 r.p.m.; 
piston speed, 1,741 ft. per min.; brake mean effective 
pressure, 113 lbs. per sq. in. at 1,400 r.p.m.; 119 lbs. 
per sq. in. at 1,100 r.p.m.; cu. in. of stroke volume per 
b.h.p., 4.99; sq. in. of piston area per b.h.p., .667; h.p. 
per cu. ft. of stroke volume, 346.3 h.p. ; h.p. per sq. ft. of 
piston area, 215.9 h.p. 

Direction of rotation of crank, r.h.t. ; direction of rota- 
tion of propeller, r.h.t; normal speed of propeller, engine 
speed. 

Lubrication system, forced to main bearings from reser- 
voir in sump; brand of oil, 50 per cent vacuum heavy and 
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50 per cent sternol; oil pressure, 28 lbs. normal; 50 lbs. 
max.; temperature, 50° C, max.; consumption per hour. 
4.5 pints; consumption per b.h.p. hour, .02 pints; specific 
gravity of oil, .9. 

Carburetor type, 2 Benz, each feeding 3 cylinders (2 
jet); mixture control, automatic; fuel consumption per 
hour, 150 pints fuel consumption per b.h.p. hour, ,65 pint; 
specific gravity of fuel, .720. 

Magneto type, 2 Bosch Z.h. 6; firing sequence of engine, 
prop: 1-5-3-6-2-4; numbering of cylinders, prop: 1-2-3-4- 
5-6; speed of magneto, two-thirds engine speed; direc- 
tion of rotation of magneto, facing driving end of arma- 
ture, anti-clockwise; magneto timing, 30°. 18 mm. on 
stroke. 

Inlet valve opens, deg. on crank, 10° E., inlet valve 
closes, deg. on crank, 55° L. ; maximum lift of inlet valve 
= h, 11.8 mm. (.465 in.); diameter of inlet valves 
(smallest dia.), two of 52 mm.; area of inlet valve ports 
= TT X d X h, 19.27 sq. cm. each; mean gas velocity 
through inlet valve, 124 ft. per sec; clearance of inlet 
tappet, .009 in. 

Exhaust valve opens, deg. on crank, 60° E.; exhaust 
valve closes, deg. on crank, 20° L.; maximum lift of ex-' 



haust valve = h, 11.25 mm. (.443 in.); diameter of ex- 
haust valve ports = d (smallest diam.), two of 52 ram. dia.; 
area of exhaust valve ports = 7rX d Xh, 18.37 sq. cm. 
(each) = 2.84 sq. in.; clearance of exhaust tappet, .015 
in.; direction of rotation of revolution counter drive, fac- 
ing driving shaft on engine, anti-clockwise; speed of 
revolution counter drive, h E. S. 

Weight engine complete with propeller hub, less water, 
fuel and oil and exhaust manifold, 848.32 lbs.; weight per 
b.h.p., ditto, 3.68 lbs.; weight of exhaust manifold, 15 lbs.; 
weight of oil carried in engine, 18 lbs.; jacket capacity of 
one cylinder, 1,873 c.c; weight of water carried in en- 
gine, 30.9 lbs.; weight of radiators, less water, 136 lbs.; 
weight of fuel per hour, 135 lbs.; weight of oil per hour, 
5.06 lbs.; total weight of fuel and oil per hour, 140.06 lbs. 

Gross weight of engine in running order, less fuel and 
oil, cooling system at .65 lb. per b.h.p., 996 lbs., weight 
per b.h.p., ditto, 433 lbs. 

Gross weight of engine in running order with fuel and 
oil for six hours (tankage reckoned at 10% weight of 
fuel and oil), 1,920.89 lbs.; weight per b.h.p. with fuel 
and oil for six hours, 8.35 lbs. 



THE 300 H.P. MAYBACH AERO ENGINE 



General Description 

general distinctive features of the design of the 
tch aero engines are, comparatively speaking, well 
; firstly, by reason of the adoption of the old W'olse- 
lybach aero engines, the design of which was ac- 
before the war for airship work, and which was 
on the design of the original Maybach engine; and, 
lly, through the publication of the somewhat incom- 
jetails of construction of the Zeppelin-Maybach en- 
following re|>ort on the design of the 260/300 h.p, 
ich engines is based on a detailed examination of 
gine (No. 1261) taken from a Rompler two-seater 
e (G. 120), known as the C.4 type. The machine 
n fortunately, completely destroyed by lire on land- 
it the engine was captured intact and little damaged, 
slight repairs this engine has been put into run- 



ning condition and tested for power, consumption, etc., at 
R.A.E. The results of these tests are given, in the fol- 
lowing report, together with metallurgical analyses and 
mechanical tests of materials and alloys used in the prin- 
cipal parts of the engine. 

A complete list of the details of the design is given in 
the various data at the end of this report, including the 
percentages of weights of all parts, and the results of 
separate tests carried out on the carburetor and a new de- 
sign of petrol pump which is used in conjunction with the 
interesting high-altitude carburetors, 

A brief description of the Rumpler C.+ and 5 type aero- 
plane, in which these new 300 h.p. .Maybach engines are 
fitted, will, no doubt, be of some interest here. Full de- 
tails of this machine, however, have already been issued in 
a published report by the Section Technique de L' Aero- 
naut ique Jlilitaire. 




Induction side 300 H.P. Maybach 
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As sIioH-n in Fig. 3, the Rumpler CA machine is a two' 
seater biplane, corresponding, more or less, to our D.H.t, 
and is generally Uttcd with a 26U h.p. Mercedes engine. 
These machines are designed for long-range artillery 
reconnaissance and photography, and are armed with two 
guns — one the Spandau fixed in front of the pilot's seat. 
firing through the propeller, and a swivelling gun mounted 
in the observer's seat behind. A two-bladed air screw is 
fitted, and a semi -circular honeycomb radiator of unusual 
design is slung above the engine from the center section. 
Other details of the construction of the Rumpler machine 
are shown in the photograph. Fig. S. 

These machines are generally flown, according to report, 
at high altitudes — i. e., from ]5,000 to 17,000 ft.— until 
over the lines, and from the French reports the new 300 
h.p. Maybach engines are more flexible and regular in run- 
ning than the 2fi0 h.p, Mercedes engines, and are generally 
preferred by the German pilots. 

Compared with the 260 h.p. Mercedes engines fitted in 
these machines, the new Maybach engines are credited 
with attaining an increase of 200 r.p.m. at altitudes above 
2,000 ft., and also possess greater elliciency in Speed and 
climb in the Rumpler biplanes. 



Total weight of machine, fully loaded, approximately — 
3,i3ti lbs. 

The 300 h.p. Maybach presents several unusual and 
interesting details, and as compared with the old 210 Ji.ji. 
Zeppelin- .Maybach design, the new engines are undoubt- 
edly a great improvement in general design and efliciencv. 
The quality of the workmanship of every part, including 
the exterior finish throughout, is exceptionally good, and 
the working clearances are carried to very fine limit'i. 
Compared with any other of the types of German engines, 
the workmanship is undoubtedly of a very much marc 
finished nature; every part, nevertheless, shows the usual 
German characteristics of strength and reliability, com- 
bined with standardization of parts for ease of manufac- 
turing, in preference to the saving of weight. 

The general lay-out of this engine follows the usual 
German six-cj'linder vertical type. The compression ratio 
is exceptionally high, viz., 5.9i: 1, which necessitates (he 
use of very heavy pistons and connecting rods; in these 
particulars this engine follows the previous Maybaeh 
practice, but the adoption of a cast iron floating bush in 
the little end bearing is an interesting development. 

Four overhead valves per cylinder «re fitted — i. e., twu 




Fig. -'. Kxhaust side 300 H.I'. Maybach 
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Fig. 3. Rumpkr biplane with Mnybach 300 H.P. 



ilet and two exhaust. These are operated by rocker lev- 
rs mounted on roller bearings in brackets fixed to the 
ylinder heads, as shown in Fig. 2, and by push rods on 
ach side of the cylinders actuated by separate inlet and 
xhaust camshafts. 

The camshafts run in plain bronze bearings in the 
rank-chamber, and are splash lubricated. 

Little alteration has been made in the design of the 
nassive crankshaft, which runs on plain white metal lined 
Karings throughout, and is provided with the Maybach 
Tpe centrifugal pressure lubrication system to the 
.■rank pins, thence to the gudgeon pins through small pipes, 
nside the hollow connecting rods. 

The three separate and detachable gear oil pumps, 
irhich are situated in the bottom of the base chamber, are 
)f new design. 

The pump driving shaft at the front end is driven 
through a ratchet gear on the front scavenger pump, with 
the object of preventing an air lock in the lubrication 
system in the event of back firing. 

A double acting, oil seated gasoline pump of unusual 
design is now fitted. This is driven off an extension of 
the main oil pump spindle at the rear end of the base 
chamber, and works, of course, in conjunction with the 
two separate carburetors. These are of the Maybach 
type, and have been only slightly modified; as shown in 
Figs. 1 and 2, they are attached, as in the Zeppelin en- 
gines, to the front and rear cylinder water jackets. 

The Maybach induction type starting gear is fitted, but 
is slightly modified in design. 

The whole of the induction system and the oil-condens- 
ing crankcBse ventilating system is an interesting point in 
the design o( this engine, as is also the method uf attach- 
ing the propeller hub driving flange on the tapered front 
end of the crankshaft. 

Practically no alteration has been made to the general 
design of the \'ery simple and efficient type of water pump, 
irhieh delivers directly into the bottom of the rear end car- 
buretor water jacket as in the old Maybach engines. 
Ignition is by two Z.H,6 type Bosch magnetos, which are 
Iriven directly off the rear ends of the camshafts; the 
Msition of the spark plugs in the cylinder heads is a 



point of interest dealt with i: 
scription. 



detail in the following de- 



Cylinders 

In comparison with the Zeppelin- Maybach engin 
cylinders of the new 300 h.p. Maybach engines 
very much lighter construction; and, as will be see 
the photographs and sectional drawings, are of i 
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plug bosses; the latter are somewhat inaccessibly situald 
in the space between the two cylinder head water joints. 
The two semi-circular bosses which are cast on the sides 
of the cylinder water joints are provided for the attach- 
ment of the two carburetors, which are fixed to the front 
and rear cylinders by long studs screwed into these bosses 
in the water joints. To allow for the interchangeabilitv 
of the cylinders, these holes are drilled in every cylinder; 
when the cylinder is not assembled at the front or rear. 
they are plugged with brass grub screws as shown in the 
sketch. 

An interesting joint of design in these cylinders lies in 
the fact that no water connections between the cylinders 
are made other than the twin head-joints referred lo. 
(This principle is similar to that used in the cylinders of 
the Zeppelin- May bach engines; these were provided will) 
one large water joint, S in. diameter, between each pair 
of water jackets, which was an extension of the cast-iron 
head. The cylinder barrels were also of cast-iron, and 
were fitted with two inlet and three exhaust valves per 
cylinder.) 

The exhaust valve pockets arc provided with an addi- 
tional water passage above the exhaust port, and cast so 
as to give a free water space completely round the center 
portion of each exhaust valve stem guide. ; 

The valve guides cast in the cylinder heads are fitted i 
with cast-iron bushes pressed into position. The exhaust I 
bushes do not extend the full length of the guides as the 



^ctangulai 



Fig. 5. Cylinder cross section 



design. Each cylinder shows practically 
view from almost any point of view, with t 
or extensions. The whole construction of the cylinders, 
and particularly the formation of the cylinder head, pre- 
sents many interesting details of design. 

Referring to the sectional drawing. Fig. 4, it will be 
seen that each cylinder is built up of a thin steel barrel, 
machined and ground to 1G5 mm. bore, and machined on 
its outer surface to a thickness of 3 mm. The thickness 
is increased from 3 mm. at the bottom of the water jacket 
to 't.S mm. at the cylinder base flange. Into the top of 
the cylinder barrel is screwed the cylinder head, which is 
of cast-iron. A detailed sketch of this screwed joint is 
shown in Fig. .'i. The screw thread, it will be noted, is 
2.3 mm. pitch, buttress thread. A .soft brass washer is 
fitted at this joint between the cylinder head and the top 
face of the screwed portion of the cylinder barrel. 

The bottom of the cylinder barrel extends only 3.5 mm. 
below the base flange into the registering joint of the 
crankcase, and tlie bore of the cylinder is very little cham- 

The design of the cylinder heads and the formation of 
the water pa.wages round the twin inlet and exhaust valves 
is unusual, and the double inlet and outlet water connec- 
tions between each pair of cylinders are of new design. 
The formation of these twin water connections is clearly 
shown in the detail sketch of the cylinder head (Fig. 6), 
together with the water passages cast round the spark 




Fig. (i. Cylinder 



GERMAN TYPES 




i do, but are kept back a distance of 10 mm. from the 
im of the guide, so that they are protected from the 
;ases. As a further precaution against seizing, the 
eter of the bottom of tlie exhaust bush is slightly re- 
i so that the bush has room to expand, 
mtrary to the usual German practice of building up 
water jackets of sheet steel acetylene welded at the 
s, the water jackets are machined from cylindrical 

forgings, which, as shown in Fig. 5, are screwed on 
e flange machined on the cylinder head; the pitch of 
:liread is 1 mm. This screwed joint is finally sweated 
isition with soft solder, the wliole depth of the screwed 
on having apparently been previously tinned; the 

is locked with four 6 mm. grub screws. 
le whole of the water jacket is machined both on the 
e and also on the outer surface to a thickness of 1 

The water jackets extend to lO* mm. from the base 
le cylinders, or, roughly, to two-thirds of the total 
:h of the cylinder barrels; but, as will be noted, the 
r space is exceptionally narrow — i. e., 7 mm. 
le only water passages from the cylinder head to the 
lar water space of the water jackets is through the 
ings or passages cast in the cylinder heads encircling 
(park plug bosses, and situated directly below the 

water connections. The formation of these water 
iges leading from the head of the jacket is made 

in the perspective sketch (Fig. 6). 



The water jacket capacity of one cylinder= 1,284 cu. 

Fig. 5 shows an enlarged view of the lower joint be- 
tween the cylinder barrel and the water jacket. This 
joint consists of a soft rubber composition packing ring, 
compressed in position between two stcet rings by a large 
ring which screws on to the bottom of the water jacket 
by a fine pitch thread in the manner shown in the sketch. 
This joint is, to a certain extent, flexible, and allows for 
the relative expansion between the cylinder barrel and the 
water jacket. 

Small drain plugs are provided at the bottom of each cyl- 
inder water jacket; these are screwed into bosses welded 
into the water jackets on the exhaust side. The combus- 
tion chamber is circular, but it is slightly recessed below 
all of the four valve seats, which are all of the same 
diameter — i. e., 54 mm. 

The area of both the inlet and exhaust ports is 30.15 
sq. cm.=: 4 66 sq in 

The clearance volume of one c\linder=: 778.9 cu. em. 
=^47.54 cu in giving a compression ratio of 5.94:1, 

Short pieces of aluminum tube are fitted over the top 
ends of the lugs in the cylinder heads forming the valve 
stem guides These are shown in Fig 7, and are ap- 
parently provided fur lubrication purposes. Thin sheet 
steel plates are bolted to the inlet and exhaust ports of 
the cylinder heads to stiffen up the engine. 



Pistons 

Very little alteration has been made to the general de- 
sign of the piston in comparison mth the smaller May- 
bach engines The pistons are of cast iron, and weigh 
12.3 lbs. each complete with rings ioar rings are fitted 
all above the gudgeon pin the lovver one being a scraper 




Cylinder head and water jacket detail 
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Pig. 9. Water passages and connections of cylinder head 

ring. All the rings are concentric, and arc 6.5 mm. wide 
(vertically) and 5.5 mm. deep, the depth of the ring 
grooves being 6 mm. 

The pistons, as will be seen in Fig. 10, are quite flat 
on both the top and bottom surfaces of the crown, wliicli 
is 10.5 mm. in thickness. Eight 4 mm. return oil holes 
are drilled through the piston below the scraper ring in 
the usual way. 

The rings are cut diagonally at 45°, no locating pegs 
being fltCed, and the width of the ring gap in the cylinder 
is 1.39 mm.— 0.055 in. 

AH the piston rings are machine hammered on their 
inner surfaces. This process, which is now extensively 
used, and is well known, consists of subjecting the inside 
face of the ring to a series of mechanical hammer blows 
at gradually increasing distances apart. The process 
shows a large number of small transverse depressions 
extending nearly the width of the ring on the inner sur- 
face. These depressions caused by the hammer are ap- 
proximately 1 mm. apart at the back portion of the ring 
— i.e., the part of the ring farthest from the gap — and 
increase in mathematical prngression to about 4 mm. 
apart towards the front of the ring up to about one inch, 
on either side of the gap. This mechanical hammering 
of the inside ring has the elfect of giving the desired 
uniform pressure to the concentric ring against the cylin- 
der wall. 

The holes for the gudgeon pin are bored eccentrically 
in the gudgeon pin bosses, giving a thickness of metal of 
11 mm. above and 9 mm. below the gudgeon pin. An oil 
groove is cut in the piston skirt below the gudgeon pin, 
evidently to assist the scraper ring and the pitton lubrica- 
tion. The inside of the skirt is machined up as far as 
the bottom of the gudgeon pin bosses, and a beveled lip is 
turned on the bottom flange of the skirt. The inside of 
the piston is also machined flat across the head, and down 
as fai as the top of the gudgeon pin bosses with a 15 



Fig. 10. Piston and gudgeon detail 

mm. radius ; an annular rib is cast on the in 
skirt to reinforce the gudgeon bosses. 

Other details of the design of the pistons 
in the section drawing Fig. 10. 



Gudgeon Pins 

The gudgeon pins are 159 mm. long, slightly be 
at the end, and are fixed in position in the piston 
single cheese headed 9 mm. set screw in the usual 
and locked with a split pin. 

The gudgeon pins are hardened and ground to 
parallel outer diameters, being made of smaller dial 
at one end than the other. The center portion ( 
makes the small end bearing is 38 mm. diameter, am 
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Fig. 11. Piston, connectii g rod and big t>eBrtDg end 
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on the gudgeon pin ^^35.35 sq. cm., and the bearing sur- 
face in the connecting rod small end ^ 39.9 sq. cm. 

The weight of each gudgeon pin ^ 1.75 lbs., whilst the 
east-iron floating bushes weigh 0.62 lb. each. 

Details of the gudgeon pins and the floating connect- 
ing rod small end bushes are given in Pigs. 10 and II. 

Connecting Rods 

Following the usual May bach design, the connecting 
rods are of square section beveled at the four corners, and 




Fig, 12. Connecting rod details 



ro ends which lit into the gudgeon pin bosses are 37-S 
nd 38.25 mm, diameter respectively. 

The gudgeon pins are bored 23 mm. diameter in the 
fnter, tapering to SB mm. at each end. 

Floating small end bushes are now fTtted to the gudgeon 
in in the connecting rod smaller ends. These floating 
iishes are made of cast-iron of a very soft nature. The 
fective bearing length of the floating bushes is 93 mm,, 
ad their external diameter is 44.3 mm. For lubrication 
urposes a number of 4 mm. holes are drilled and counter- 
ink on the outside. 

The projected area of the smalt end bearing surface 




Fig. 13. Vah-e gear details 



Fig. 14. Detail valves. 



bored up the center from the big end with a 98 mm. 
diameter hole, which is screwed and plugged, as shown 
in Fig. 12. 

The big end bearing cai> is secured by four 14 mm 
bolts, which are screwed 1.5 mm. pitch into the top half 
of the connecting rod big ends. 

The inner surface of the big end bearing shells are ma- 
chined with a screw-cutting tool which leaves a fine pitcli 
screw thread. This provides a serrated bedding for th« 
white metal lining. 

No locking nuts are fitted to the big end bolts, but th^ 
square heads of the bolts are drilled, and prevented from 
becoming unscrewed when in position by a 4 mm. diameter 
pin, which is long enough to pass through the heads of 
each pair of bolts. 

Two helical grooves 2 mm. wide are cut in the big end 
bearings. These oil grooves intersect each other on the 
center of the bottom half of the bearing, as shown in 
Fig. 11; the oil ways cut in the top half of the big end 
bearing metal are only taken half way on each side. 

The little end floating bushes already referred to are 
lubricated by a .'> mm. steel pi])e, which is fixed in the cen- 
ter of the hollow connecting rods, and the holes drilled 
in the floating husjies communicate with helical grooves 
cut in the small end. An annular groove is cut round the 
center of the small end hearing, which communicates with 
the central oil ])ipe. The method of securing this oil 
pipe at each end inside the rod. and the steel disc which 
supports tlie center of the oil pipe in the bore, are shown 
in tlic sectional drawing. 
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The total side clearance of the big end bearing between 
the sides of the crank webs =: 0.44 mm. and the float of 
the small end = 1 1.8 mm. 

Total weight of the connecting rod complete with float- 
ing bush — 8.93 lbs. 

Weight of big end = 5.625 lbs. 

Weight of little end = 3.305 lbs. 

Length of connecting rod between centers = 310 mm. 

Valves and Valve Gear 

The twin inlet and exhaust valves work vertically in 
cast-iron valve stem guides in the cylinder heads, and are 
operated by rocker levers mounted on roller bearings, each 
pair of valves being operated by a single tappet rod from 
one of the camshafts in the crankcase. 

Valves 

The heads of all the valves, both inlet and exhaust, are 
of the same diameter — i. e., 54 mm., and the angle of the 
valve seatings is 30° in each case. 

The inlet valves are machined concave under the head, 
and are formed with a 20 mm. radius between the valve 
stem and the head. The exhaust valves are convex in the 
head, and are made with a compound radius between the 
valve stem and the head of 9 and 25 mm. The diameter 
of all the valve stems is 11 mm., the clearance in the 
guide bushes being 0.12 mm. (inlet) and 0.15 mm. (ex- 
haust) (cold). The ends of the valve stems are fitted 
with hardened steel discS; which are bedded in the recessed 
ends of the stems. 

The inlet valves are 136.5 mm. long overall, whilst the 
exhaust valves are 152.5 mm. in length. The exhaust 
valves are made longer to allow for the extra water cool- 
ing space in the cylinder head above the exhaust valve 
pocket already referred to. 

All the valve springs, however, are of exactly the same 
length — i. e., 52.5 mm. free, and measure 39.5 mm. when 
in their position in the cylinder, initially compressed with 
no valve lift. The diameter of all the valve springs is 
the same, 51 mm. (central diameter of coils), and the 
gauge of wire is 5.22 mm. in all cases. 

The valve springs are fitted with plain collars at the 
top. These are secured by T-shaped cotters through the 
valve stems in the usual way. These arc also locked in 
position with small wire clips, which are fitted to the 
spring cotters through two small holes. The surface of 
all the valve spring collars is galvanized or plated with a 
tin or zinc deposit, apparently to prevent corrosion. This 
form of galvanized exterior finish is carried out on several 
other parts of the engine. 

Details of the valves and valve springs are given in 
Figs. 13, 14 and 15. 

Valve Rockers 

The roller bearings carrying the spindles of the valve 
rockers are mounted in short brackets, each of which is at- 
tached to the cylinder heads bv two 8 mm. studs and cas- 
tellated nuts. The bearing brackets are steel drop forg- 
ings, and the roller races are, to a certain extent, perma- 



nently fixed inside the recessed heads of the brackets, and 
are covered by thin steel discs fitted over the front faces 
of the bearings, these being held in position by a form of 
mechanical knurling largely used in German aero engine 
manufacture. This mechanical process takes the form of 
spinning or riveting over the housing metal of the part 
by a series of accurately spaced indentations. The effect 
of this work is shown in the photographs of the roller- 
bearing brackets amongst the valve parts in Fig. 14. 

Tlie hardened steel set screws for the adjustment of 
the tappet clearances are drilled with a 5 mm. hole in the 
center portion through the squared end only, and the usual 
form of transverse locking bolt is provided. The metliod 
of splitting the lever to provide for the locking of the 
tappet adjusting screw, however, is carried out in a some- 
what unusual way. This is shown in the view of the 
rocker lever in Fig. 13, from which it can be seen that 
the saw cut is made from the tappet hole, which takes 
the tappet adjusting screw backwards through the center 
of the rocker lever towards the rocker spindle. 

A steel stud having a hardened hemispherical end, 
which makes the top joint of the valve push rod, is fitted 
on the outer lever of the valve rocker. These steel studs 
are driven tightly into the levers, and are secured by 
small steel wire rings, snapped over semi-circular grooves 
cut in the top ends of the spherically ended studs. 

The tappet push rods are made of steel tube 16 mm. 
outside diameter, and are fitted with hemispherical hard- 
ened steel cups at each end; these are fixed to the push 
rods by taper pins and weigh 0.48 lbs. each. 

Hardly any alteration has been made in the familiar 
tappet design. The tappets consist of hollow steel tap- 
pet barrels, which are plugged at the top ends by hard- 
ened steel caps; the tops of these caps are formed with 
hemispherical heads, which engage with the lower ends 
of the cupped push rods. 

The hardened cam rollers are held in position by the 
grooves machined in the bottom ends of the tappet bar- 
rels; these grooves are made slightly more than a semi- 
circle to prevent the roller from falling out. Side move- 
ment of the rollers is prevented by the tappet guides. 
The cam rollers are 15 mm. in diameter^ and are bored 
with a 4.5 mm. hole. 

P'our small holes are bored radially in the sides of the 
hollow tappet barrels, which always carry a certain 
amount of oil, thus providing a very simple, efficient 
method of lubricating the tappet guides. These are made 
of gun-metal, and the general design is clearly shown in 
the cross-sectional drawings and also in Figs. IS and 14. 

A vertical lug is provided on the top of each tappet 
guide, which forms the guide for the tappet barrel, and 
prevents it from rotating. Three oil grooves are ma- 
chined inside the tappet guides. 

Cams and Camshafts 

Both the inlet and exhaust cams are of the same profile, 
althougli the valve lift is slightly greater for the exhaust 
valves, according to the valve lift diagram reproduced in 
Fig. 47, which has been calculated from the actual valve 
setting of the engine under test. This difTerence is due 
to the unequal tappet clearances. Details of the cam 
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design are given in Fig. 16. The cams are made in pairs 
macliined from solid forgings. Eacli pair of inlet or 
exhaust cams is fitted to the camshaft separately. Each 



Crankshaft 




Fig. 15 



camshaft is provided with three keyways, which are ma- 
chined along the whole length of the shaft. The cam 
blocks are made with three keys cut inside the hole which 
is bored in the cam Mocks, the keys being solid witli the 
cams. The cam blocks are also fixed to the camshaft by 
taper pins to prevent lateral movement. The central por- 
tion of each cam block between each pair of cams is ma- 
chined to a diameter of 49 mm.X 16 mm. in width. These 
[wrtions of the cam blocks form the journals of the 
camshaft bearings. They run in plain plios]>hor bronze 
bushes let into the top half of the crank chamber, 
and helical oil grooves are cut in the face of the 
bearing journals on the camshaft. Each cam block is also 
fixed in position in the camshaft by one 5 mm. setscrew, 
which prevents the cams from moving laterally in the 
keyways. 

The five bronze bushes forming the camshaft bearings 
are pressed into the crankshaft bearing webs uf the crank 
chamber. The front and rear camshaft bearings arc 
fitted with a flange, and are detachable; they arc twice the 
width of the otljcr three on account of the camshaft driv- 
ing gears which are fitted on tlie front end of the cam- 
shafts, and tlie magneto driving gears, &c., which are fitted 
to the rear ends of the camshafts. 

The setting of the valves is shown in the accompanying 
diagram (I'ig. 16), which shows the following valve posi- 
tions, viz. :— 

Inlet valve opens, 8° E.; inlet valve doses, ar," L.; ex- 
haust valve opens, S:t° E. ; exhaust valve closes, 7° L; pe- 
riod of induction, 223°; period of exhaust, 220°. 

Further details of the I'nive gear and cam design 
nrc given in the list of engine data and in Figs. 17 and 



Details of the design of the crankshaft are given in 
the dimensioned drawing in Fig. 21, and a perspective 
view of the complete crankshaft is shown in Fig. 20. 
The crankshaft runs in seven plain bearings lined with 
anti-friction metal of the usual formation. All the jour- 
nals are 66 mm. in diameter. The diameter of the crank 
pins is also 66 mm. The crank webs are all of the same 
section, being 23 mm. in thickness and 95 mm. in width 
across the face. All the journals are bored 36 mm. diam- 
eter. The crank pins arc bored 39 mm. diameter, the ends 
of the holes being plugged with the centrifugal oil scoops 
characteristic of the Maybach engines. The rear end of 
the crankshaft carries the extension shaft, on which is 
mounted the wireless dynamo driving pulley, which em- 
bodies a friction clutch. This design of wireless pulley is 
a standard German engine fitting. 

The extension shaft referred to above is a driving fit 
in the rear end of the crankshaft, which is bored i2 mm,; 
the extension shaft is locked by a 7 mm. taper pin. Two 
centrifugal oil thrower rings are machined on the ex- 
tension shaft. These details are shown in the general 
arrangement of the engine in Fig. 49. 

The main driving bevel gear is fixed to the rear end 
of the crankshaft by a key 8 mm. wide X ^.^ nim. deep, 
half sunk in the shaft. 

An interesting point in the design of the crankshaft is 
found in the method of fixing tlie flange to which the pro- 
peller hub is bolted. The construction is clearly shown 
in the sectional arrangement of the propeller hub in Fig. 
22, from wliich it will be seen that a slight taper, I in 
33.3 mm. is macliined on the front end of the crankshaft, 
on to which the propeller hub fiange is very tightly driven. 
No key is fitted to the taper, but a grub screw lU mm. 
diameter is screwed into the front end of the flange, the 
liole being drilled half in the flange and half in the crank- 
shaft. 

The grub screw is locked by the flanged head of a large 
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CAM DIAGRAMS FOR 300HPMAYBACH AERO ENGINE 
UHAUST DI8PL*CEMEHT CUBvE „.,,» 
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DIAGRAM OF EXHAUST ANO INLET PORT OPENINS IN RELATION TO PISTON VELOCrTY. ^ 'SG . 
Fig. 19 
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Fig. 90. Cranksbaft 




Fig. 31. Detail of crankshaft 



plug 40 mm. diameter, which is screwed into the liollow 
front end of the crankshaft. This flange, to which the 
propeller hub is secured by eight 14 mm. bolts witli coun- 
tersunk heads, is mounted on a large single race ball 
bearing, 132 mm. outside diameter, behind which is fitted 
the double thrust ball race, 108 mm. diameter on the b.ill 
center diameter. 

On the front portion of tliis proijeller hub carrying 
flange is mounted a double oil thrower ring, which is driven 
on to the outer diameter of a split colbir or bush as shown 
in I'ig. 22. The driving gear for the camshafts is ma- 
chined on the propeller hub flange; the teeth of the gear 
are integral with the flange, hence (he splitting of the 
bush, which carries the double oil thrower rings. 

Propeller Hub 

The general details of the construction of the propeller 
hub are given in Fig. 22. Eight 15 mm. bolls are used to 
bolt the front flange to the two rear propeller hub flanges, 
and the airscrew is secured by castellated nuts in the usual 
manner. The surface of the propeller hub and flanges is 
galvanized with deposited tin to prevent corrosion. Tlie 
front flange floats on the propeller hub in four castella- 
tions, 17 mm. wide X 3 mm. deep. The total weight of 
the complete propeller hub, with all bolts, less extension 
n end of crankshaft ^ 21 lbs. 



chamber. Unlike most of the German aero engines, tbc 
bottom halves of the crankshaft main bearings are bolted 



mgeo 



Crank Chamber 



to the top half of the 
deep in section, and an 
19 mm. diameter bnlti 
chamber, and are also i 
of trianguli 



The photographs. Figs. 23 and 2t, show clearly i 
spcctive the general formation of the cast aluminun 



rank chamber. 

ecured to the crank chamber by. 
which pass through the crank| 
■d to bolt down the cylinders by) 
ips, now almost standard prac- 
tice. Flanges are machined at the top end of the holding- 
down bolts, which are let into recesses cut in the top face 
of the erankcase. The front main bearing cap also car- 
ries below the intermediate gear pinion for driving the oil 
pumps as shown in the general arrangement of the engine. 
Cast aluminum covers are bolted to the front and rear 
ends of the crankcase for enclosing the camshaft driving 
gears at the front end, and for the magneto and inter- 
rupter gears at the rear end of the engine. Further de- 
tails of the crankcase construction are shown in the illus- 
trations. 

Base Chamber 
The general construction of the lower half of the crank 
chamber is shown in Figs. 8 and 25, and also in the sec- 
tional general arrangement drawing. It presents several 
points of interesting design, and is of simple construction, 
weighing 11.32 lbs. bare. At the rear end of the flange, 
which is bolted to the top half of the crank chamber in 
the usual way, extended brackets are cast for taking the 
two magnetos, and, as will be seen in Fig. 2,1, the three 
gear type oil pumps are situated on seatings cast on the 
bottom of the inside of the base chamber. 

The small detachable oil sumps are fixed to flanges 
cast on tlie underside of the base, one at each end. 
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Crankcase Ventilation 

in the Zeppelin-Maybacli engines, tlie efficient venti- 
1 of llic crankcase has received careful considera- 







F<g. 33. Propeller hub diagram 

tion. The design is, in fact, very similar in both types 
of engine. On the induction side of the engine six breath- 
ers are fitted; these are constructed of fairly coarse brass 
wire-gauge baffles mounted in slieet aluminum breathers 
which are attached to short steel tubular connecting lugs 
screwed into the crankcase, and are fixed in position by 
steel wire clips. Details of the construction of these 
breathers is shown in the sketch. Fig. 26. 

On the exhaust side of the engine a peculiar type of 
ventilator is fitted. This consists of a sheet aluminum 
manifold, which is connected by six short rubber joints 
to the crank chamber. The top portion of the ventilator 
manifold is so made as to form an oil trap for the con- 
densed vapor. This consists of an elliptical section 
pipe, which leads from the top of the chamber formed 
in the ventilator manifold to a cowl which projects back- 
ward from the outside of the engine cowling in the ma- 

This cankease ventilator is shown in the photograph 
of the engine (Fig. 2). 



Several details of the lubrication system have been com- 
pletely redesigned in tlie new May bach engines. The 



former single oil pump, which was of the plunger type. 
has now been replaced by three separate oil pumps of 
the gear type. These, as shown in Fig. 25, are iitted in 
the bottom of the base chamber. The main oil pres.swe 
pump is at the rear end, whilst the two scavenger punnps 
are situated one at each end of the base chamber. 

The general principle of the lubrication system is I»*k 
clearly shown in the special diagrammatic drawing, I-'ig. 
27, which is to a great extent self-explanatory. 

In this diagram the lubrication system is shown with nil 
the oil pipes and oil-ways marked in black. The sys 'Kem 
briefly described is as follows: Oil is delivered from llie 
separate oil tank by the pressure oil pump, which is tlie 
rearmost pump of the two at the rear of the sump, .^stnd 
forces oil under pressure to the crankshaft journal b^^^ar- 
ings through an external oil main, which runs the wlr^ole 
length of the crankcase on the induction side, as showr:^ in 
Fig. 28. 

From tliis main oil pipe oil is forced to the journal b^s- -ar- 
ings through oil ways drilled diagonally in the cr^^nk 
chamber casting through the transverse webs which s~Kjp- 
port the housings of the journal bearings^ these are lulr>ri- 
ricated by a wide helical oil groove cut in the bearing wl x ite 
metal. For the lubrication of the crank pins and the 
connecting-rod small-end bearings, the Maybach system 
of centrifugal pressure lubrication is adhered to. In tin's 
system the oil, which is forced out through the ends of 
the journal bearings, is collected by the oil scoops, whtcb 
are bolted to the outer sides of each crank webs, as shows 
in the view of the crankshaft Figs. 20 and SI. 

By centrifugal action the oil is forced up the outer sur- 
face of each crank web and led through a channel into the 
hollow crank-pins, thence through a small hole bored 
radially in each crank-pin to the connecting rod big end 
bearings. From the big end bearings the oil is forced 
upwards to the small end bearings, with their floating 
gudgeon pin bushes of cast iron, through the steel pipe 
fixed in the center of the connecting rods. Details of this 
design have already been given. Fig. 31 is a detail sketch 
of one of the aluminum oil scoops, which are bolted in 
pairs to the crank webs by a bolt which passes through the 
center of the end crank pin. 

From the front end of the main oil pipe a steel pipe is 
connected by a union, which leads to a hole drilled in the 




Fiji. J3. 'i'op hwlf of crunkcase 
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Fig. 24. Inside view of crankcase 



crankcase casting, and serves to lubricate the bearings of 
the camshaft intermediate gears. A restricting plug is 
iitted into the end of this oil lead, and a similar restric- 
t:ion is provided in the end of the main oil lead back 
into the crank chamber, as shown in the lubrication 
diagram. 

A check valve, it will be noticed, is fitted in the main 
oil supply system. This check valve, together with a 
small spring-loaded pressure relief valve, is situated in- 
side a small detachable valve chamber, which is attached 
to the bottom of the crank chamber just beneath the main 
oil pump. It will be noticed in the lubrication diagram 
that the excess oil pressure is delivered back into the oil 
pipe on the supply side of the pump. An oil pressure 
^auge is connected to the main oil lead as shown, and 
small oil pipes are also taken from the main pressure pipe 
to the small crank chamber of the gasoline pump, and also 
to the water pump driving spindle. 

The two scavenger oil pumps, situated i 
of the base chamber, are designed : 
return oil which collects in tht 
in the bottom of the oil base, 
from either end. 

These scavenger pumps are connected together by a 
steel pipe, 31 mm. diameter, the ends of which are coupled 
to the suction ports of the two gear oil pumps. This in- 
ter-connection of the two pumps to a certain extent bal- 
ances the oil return to the tank from the front and rear 



either end 
I to draw off the 
1 detachable oil sumps 
ind to return it to the tank 



ends of the oil base, enabling both scavenger pumps to 
operate at any angle of the engine. 

A small quantity of oil is always carried in the oil base, 
as shown in the lubrication diagram. The camshafts, tap- 
pets, and cylinder walls are splash lubricated by the sur- 
plus oil thrown off the crankshaft and oil scoops. 

By centrifugal action the oil is forced up the outer sur- 
face of each crank web and led through a channel into 
the hollow crankshaft. 

Constructional Details of Oil Pumps 

Xo provision is made for lubricating the roller bearings 
of the overhead valve rocker spindles, and no oil holes are 
made in their brackets for band lubrication. 

The general design of all three oil pumps and their de- 
livery is the same. The general construction is clearly 
shown in the sketch of the front scavenger pump. Fig. ^9. 
A jiair of pump gears of the usual formation, 30 mm. 
diameter, work in a body casting of cast iron. The top 
pump gear is of steel, and is machined 'integral with the 
driving spindle of the pump, whilst the lower pump gear 
is made of gun-metal. The oil pumps arc secured to the 
machined seatings cast on the bottom of the oil base by a 
stud in each case, which also serves to hold the small de- 
tachable oil sumps in position. These oil sumps consist of 
aluminum castings, into the cupped center of which is 
screwed a spun brass oil trap, formed as shown in the sec- 




Pig. -26. Uil clianiber showing base punips 
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Fig. 3> 



ibcase breather 



tional perspective sketch. These oil sumps are connected 
lo the suction ports of the oil pumps by a passage formed 
in the sump body castings. 

All three oil pumps are driven at the same speed, the 
two scavenger pumps bting connected together by a light 
tubular shaft, which engages with dog clutches at either 
end: the pressure oil pump is driven off the spindle of the 
rear scavenger pump through a dog clutch extension of the 
spindle. 



The method of driving the oil pumps at the front end of 
the engine is of interesting and unusual design. As sliovn 
in the sketch (Fig. 29) the driving gear wheel, which is 
mounted on the front extension of the pump spindle, is 
provided with a spring-loaded face ratchet, the teetli of 
which are cut inside the gear as shown, and engage with 
similar teeth cut on a flange on the front of the pump spin- 
dle. The strength of the spring is such as to allow the 
driving gear to overrun the driving spindle, and ap- 
parently, in the event of backfiring, all the oil pumps 
become inoperative, and would thus be prevented from 
being sucked back into the oil base by the two scavenger 
pumps. 

An interesting feature in the lubrication system of these 
engines is found in the small separate oil filters, which 
arc provided at the top of each of the diagonal oil-ways 
drilled through the webs of the main journal bearing 
housings. The small Hlters are screwed into the bosses. 
whicli arc cast on the outside of the crank chamber, and 
to which the detachable main oil pressure pipe is attached. 

In Fig. 3S the method of attaching the main oil pipe 
by a set screw and a cap fitted with a leather washer is 
shown. The set screw is screwed into the top of the filter 
plug at the top of the drilled oil lead, and a small jet or 
drilled plug is fitted below the set screw, the plug beiag 
let into a small recess cut in the top of the oil lead. The 
bore of this plug corresponds to the bore of the restriction 
formed in the oil lead drilled in the tilter plug just below, 
as shown. This device is apparently provided to alloir 
for a special plug to be attached in place of any of the sii 
set screws, which can then be coupled to a pressure gauge, 
thus giving the oil pressure at any of the main bearings. 

Further details of the formation of the oil passages 
drilled through the crankcase to the journal bearings, and 




Fig. 21. Lubrication diagi 
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The water pump vertical spindle, which is 20 mni. in 
diameter, runs in a bronze bearing which is lubricated by 
a screw grease lubricator. The top portion of the pump 
spindle bearing is cupped to form the housing for a thrust 
ball-race, above which is fiicd the pump rotor. 

The pump rotor is a gunmetal casting, having six heli- 
cal vanes 110 mm. in diameter. The rotor is fixed to the 
pump spindle on a taper and key, and is locked by a 
domed nut and locking washer. 

The lower half of the pump body is an aluminum cast- 
ing with an inlet passage 54 mm. in diameter, to which 
tjie diagonal water pipe from the radiator is coupled by a 
rubber connection. The top half of the water pump body, 
which is a gunmetal casting, is formed with six helical 
passages leading in a reverse helical direction to the 
water pump rotor. These passages connect with the 
common vertical outlet passage in the top of the body cast- 
ing as shown in Fig. 32. The outlet diameter is 50 mm. 

Tlie center portion of the top body casting inside the 
helical passages above the pump rotor is domed and fitted 
with a screwed plug 38 mm. in diameter. This plug is 
drilled with a 3.5 mm. hole, evidently to prevent an air- 
lock. Two 3 mm. holes are also drilled in the bottom of 
the rotor between the vanes for the same purpose. It is 
noticeable that the steel ball thrust race is working to 
all intents in the water flow, and must, therefore, suffer 
by corrosion. 

Water Circulation 

The circulation of the water cooling system is clearly 
set out in the diagrammatic drawing Fig. 27, from which 
it will be seen that the water pump delivers directly into 



the construction of the main bearing caps, are given 
iketch Fig. 30, wJiich shows the underneath view 
top half of the crank chamber. The oil is led 
he bearing bolts through circular oil grooves cut 
face of the bearing housings. The small holes, 
in the crankcase above the joints, as shown, com- 
e with recesses machined around the bolts. These 
re made to prevent the oil from being forced up- 
Dut of the engine through the bolt holes in the 
hamber. 



'ater Pump and Water Cooling System 
ils of the construction of the water pump are shown 
ectional drawing, Fig. S2. The body of tlie water 
1 attached to the top face of the separate aluminum 
which forms the cover of tlie mngneto driving 
This gear cover is attached by bolts and studs to 
r end of both the top and bottom halves of the 
hamber. As may be seen in the general arrange- 
rawing of the engine, the water pump spindle is 
hrougli a dog clutch at its lower end by a short ver- 
indle running in a bronze bush bearing; this spindle 
■n by a bevel gear meshing with the main bevel 
, the rear end of the crankshaft. 
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Fig. 31. Sketch ot oil scoop 



and except ion a II J' deep in cross section, measuring 2S rm. 
Tlie radius of the semicircle in elevation is approximate]!' 
32 cm. 

The radiator is divided into two separate section; bv a 
vertical baffle plate, as shown in the diagram Fig. 27. 
Water enters the bottom of the left-hand side of the radia- 
tor through the pipe leading from the front carburetor, and 
flows upwards through the tubes of the left-hand of the 
radiator to the top portion of the tank which eompletdc 
surrounds the radiator. The water passes over the top 
of the dividing baffle plate, through the right hand section 
to the bottom of the radiator, and out at the rear side. 
which is connected with a 50 mm. pipe to the inlet pas- 
sage of the water pump. 

As will be noticed, the front of the radiator is lilteil 
with a blind, which is operated by a cable from the pilot's 



Ignition 

The two Bosch Z.H.6 type magnetos are mounted o 
brackets cast on the rear end of the base chamber. 




Fig. 3^. Section of water pump 

the bottom of the water jacket which surrounds the body 
of the rear carburetor. As already mentioned, the two 
carburetors are attaehed by long studs to the ends of the 
front and rear cylinders, and .the water, after passing 
through the rear carburetor water jacket in a special pas- 
sage round the throttle valve, enters the rear cylinder 
through the two circular water joint flanges. The water 
passes through the passages cast in each of the six cylin- 
der heads to the front carburetor water jacket, whence the 
water is forced out through a vertical passage .'lO mm. 
diameter through a diagonal pipe leading to the radiator, 
which is slung above the engine from the center section 
of the top plane. 

The radiator is of entirely new design, (Fig. 33), and 
is very eflieient. It is of semi-circular shape in front ele- 
vation, and is formed of hexagonal honeycombed lubes, 



are driven at 1.5:1 engine speed directly off the rear end 
of the camshafts. The ignition point is set 38° E. Tiro 
Bosch 3 point plugs are somewhat inaccessibly fitted in 
the head of each cylinder between the twin water con- 
nections as previously described. The plug bosses are 
water cooled. The high tension cables are carried in 
fiber tubes bolted to the cylinders, and the leads to Ik 
plugs are taken through fiber blocks mounted on the sbwt 
metal brackets on the cylinder heads. 

Order of firing— 1-5-S-6-S-4. 

Carburetors 

The two carburetors are attached to tbe heads of tbe 
front and rear cylinders, as already described, and their 
general construetion is shown in the cross -sectional draw- 
ing. Fig. 30. The carburetors follow the distinctive prin- 
ciples of the Maybaeh design, but are slightly modified in 
many of their details as compared with the earlier engines. 

These carburetors are designed to be used in conjnac- 
tion with a gasoline pump system, and in place of a floit 
chamber employ two small constant-level oveifiow tanks 
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each carburetor. This method obviates the neces- 
ir using pressure release valves in tlie gasoline sjs- 

Referring to the sectional drawing of the car- 
r, Fig. 89, they are constructed of a cast nluminum 

jacketed body, in the center of which is mounted 
tary barrel type throttle, open on one side to the 
I passage to the induction pipe, and an the other to 
zing chamber above the jets. The main air supply 
^n through a passage cast in the aluminum carburetor 
lirectly below the throttle, and the extra air supply 
omatically controlled by a guillotine type shutter, 

works vertically just in front of the jet control 

The throttles of both carburetors, together with 

echanically controlled jets and the extra air shut- 



viously described, is connected by levers to the throttle 
and air control levers. The function of the top tank A 
is apparently to deal with the large excess of gasoline 
delivered by the gasoline pump at high speeds, whilst the 
lower tank, which is gravity fed, provides a constant gas- 
oline level for the jets. 

The mixture strength at any point on the throttle curve 
is governed by purely mechanical means, there being no 
venturi or special jet arrangement. The jet depression is 
obtained by restricting the air flow at what approximates 
to a sharp edged oriRce ; consequently the loss through the 
carburetor is very high compared with a carburetor using 
a venturi tube to get the jet depression. 

Contrary to usual practice, the jet depression actually 




Fig 3* Carburetor 



ire all interconnected The arrangement of these 
and interconnecting levers is shown in the photo 
of the specially sectioned carburetor (Fig SI) 
working principle of the carburetors and the func 
)f the various parts is more clearH demonstrated in 
relv diagrammatic sectional drawing big 33 uhich 
a great extent, self e\planator> Gasoline is deln 
y the gasoline pump into the imtll tank A of each 
etor through a restricting jet B shown in the dia 
The gasoline in these small tanks, or reservoirs is 
t a constant leiel b\ means of the overflow pipe (. 
leads back to the mam gasoline tank, via the small 
tanks D below tlii. jets «hi(li are supplied through 
pe E An air vent T fitted i*ith a baffle plate is 
ed m the top of the constant level tank A which 
> connected to the main g-isoline tank b\ a pipe (j, 
g to a hand g'isolinc pump or mai be plugged and 
ed, as was tin cast in tht Rumpler biplane The 
tnd pilot jets (onsist of tvto holes drilled in the top 
of the lower restrvoir D, and are similar in prin 
o the White and I'oppe jtts The area of the jet 
gs IS mechanicallv (ontrolled bv means of a small 
rilled eccentricalH in the jet cap H, which as pre 




Fig, 35. Section of carburetor 

increases on throttling down, the depression being about 
four times as great at half throttle as at full throttle. 

Control Adjustment 

When running slowly, the throttle is slightly open, the 
supplementary air port closed, and the air shutter prac 
ticallv closed, in this position the small or pilot jet only 
IS open On opening the throttle, the supplementary air 
port commences to open in conjunction with the throttle 
opening The main air shutter automatically opens in 
proportion, admitting more air, which passes directly 
across the top of the jets, and the jet area increases until 
tht, main jet orifice is fully open 

Owing to the interconnection of the control levers there 
comes a point when the supplementary air port area in- 




Ffg 36 Induction pipes, baffle and priming cups 
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The translation of these markings c 



I the carburetur is 



- Leer = Running Light. 

- Langsam ^ Slow Speed, 
= VoU = Full Speed. 

= Hohe = Altitude. 



The induction pipes are all 
exceptionally neat design beingj 



eastings, and are of 
shown in Fig. SG, 



Fig. 37. Steel band clips on pipe junction 

creases out of all proportion to the increase in the jet 
area, the latter reaching a limit with no further increase 
by reason of the arrangement of the levers. This point 
represents the opening for maximum power at ground- 
Icvel. If the throttle is opened beyond this point, the air 
supply rapidly becomes out of proportion to the jet open- 
ing and gasoline supply. By this arrangement a simple 
form of altitude control is provided. 

The various positions for " slow running," " slow 
speed," " full speed," and " altitude " arc marked on the 
body of the carburetor, and are indicated by a pointer 
attached to the throttle lever of the rear end carburetor. 
By means of these markings on the carburetor the correct 
settings of the throttle lever can be checked when the 
engine is installed in the machine. 
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Fig. 39. Comparative tests of carburetor 



joined together in one straight pipe. A cast almainuin 
baffle plate drilled in the center with a 20 mm. Iiole is 
(trovided in the center of the two induction pipes between 
the front and rear three cylinders. This baIHe is evi- 
dently fitted to equalize the gas supply to all cylinden. 

The design of this equalizing baffle is shown in tk 
perspective sketch, Fig. 36, which also shows the method 
of joining the ends of the induction pipes by rubber eon- 
nections and band clips. 

Details of the six small primer valves fitted into the 




Fig. 'i% Tlir()ttle iind .jets disniHRtleil 



Fig. 10. Carliuretor section 
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Fig. 11. Carburetor test throttle diagram 

of the induction pipe are shown in the sketch. Fig. 
:learly shows the construction of the interesting type 
land clip which is used for making tlie connections in 
induction pipes, and also for most of the water joints 
these engines. These clips are now extensively used 
ill German engines. 

'he clips are made of thin strips of annealed spring 
1; these are wound twice round the rubber rings and 
encd by small steel links and bolts. In starting to 
:e this joint, the end of the steel band is first bent 
* the bottom bar of the connecting link, and then 
:nd twice round the rubber ring, the free end of the 
1 band passing through the center portion of the con- 
ling link on the second winding. The end of the steel 
d is then fastened to the top end of tlie link by coiling 
end several times round the small bolt in the head of 
link, the end of tlie steel band being bent over for 
ut % mm., and inserted into a slot cut in the bolt, so 



that by turning the bolt in the link the steel band is 
wound tightly round the ring joints, and, owing to the 
position and shape of the link, remains fixed. 

Carburetor Tests 

The Maybach carburetor has been tested separately at 
R.A.E. The results of these tests are shown graphically 
in the power and throttle curves {Fig. *l), together with 
a throttle curve diagram in comparison with the H.C.8 
Claudel-Hobson carburetor (Fig. +0). 

Characteristic Curves 

(a) Throttle Curve.— The throttle curve appears good. 
There is an excess of gasoline at first which should give 
good acceleration, and there is a fair range, down from 
full throttle, of weak mixture suitable for cruising. Ob- 
viously, if it is considered desirable to have gasoline and 
air control interconnected, any required throttle curve 
could be obtained, but it makes an unnecessarily com- 
plicated instrument. In this particular carburetor there 
are four hall universal joints and two sliding blocks. 

(b) Power Curves. — The power curves are satisfac- 








Fig. 43. Section gasoline pump 



Fig. 43. Section gasoline pump 



tory, the mixture being practically constant ( 
air speed range. 

Resistance Test 

The resistance is very high compared with carburetors 
of ordinary design. For purposes of comparison, tlie re- 
sistance of the H.C.8 Claudel-Hobson carburetor is plotted 
on the same curve. The two carburetors are for engines 
of about the same horsepower, and it will be seen that the 
resistance of the Maybach is about nine times that of the 
Claudel-Hobson. 

The ntomization of the Maybach is rather better than 
the Claudel-Hob.son, but this is obtained by a high depres- 
sion and high loss through the carburetor. 
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Atomization Test 
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58° F. 
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32 
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Conclusions 

The carburetor seems satisfactory on throttle and power 
curves and atomization^ but the resistance is very high 
and the weight excessive. The throttle curve is obtained 
by a complicated mechanical system which would need 
careful first adjustment and constant adjustment for wear. 
The air is taken in through the moving parts, and if any 
dust is present the mechanism is very liable to stick or to 
render the control very hard to operate. 

Gasoline Supply System 

Gasoline is supplied to the two carburetors by a small 
double-acting duplex gasoline pump, which is attached to 
the rear end of the bottom half of the oil base, and is 
driven at half engine speed directly off the rear end of 
the main oil pump spindle, the gasoline pump driving 
shaft being coupled to the oil pump spindle by a dog 
clutch. The installation of the gasoline pump is clearly 
shown in the general arrangement drawing of the engine, 
and the details of the gasoline supply system are shown 
in the diagrammatic drawing (Fig. 27). 

Regarding the installation of the gasoline supply sys- 
tem to the gasoline pump in the machine, the main gaso- 
line tank is provided with the ordinary float regulator, 
which has always been fitted inside the gasoline tanks for 
regulating the supply through the gasoline pumps. 

Gasoline Pump 

The design of the compound gasoline pump is shown 
in the sectional drawing (Fig. 43) and also in the sec- 
tional perspective sketch (Fig. 42). 

The gasoline pump consists of two opposed cylinders, 
in which a reciprocating plunger works, the ends of which 
operate as single acting pumps. The pump plunger car- 
ries a yoke fitted with a sliding bush, which forms the 
crank pin bearing of the small pump crankshaft, driven, 
as already described, off the rear end of the oil pump 
spindle at half engine speed. The bore of the gasoline 
pump plunger is 15 mm. and the stroke is 17 mm. The 
outer ends of the pump barrels are as shown, and are 
fitted with screwed plugs, which form compression cham- 
bers. 

The small non-return suction valves are situated di- 
rectly above and below the two compression chambers, 
and the two petrol delivery valves are fitted above the 
compression chambers. The valves communicate with the 
compression chambers through small ports drilled in the 
pump barrel. Both the suction and delivery valves are of 
the poppet type, and each delivery valve is spring loaded 
by means of a small brass wire coil spring. 



The valves are supported in guides drilled in the un 
which form valve boxes, and to which the gasoline deli^ 
pipes from the gasoline tanks and to the carburetors 
connected. The internal diameter of both these pipe 
10 mm. 

It will be noticed that both the suction valves are 
by the same gasoline supply pipe as shown in the ske 

The center portion of the gasoline pump body, whicl 
a gunmetal casting, forms a small circular crank cham 
for the pump plunger, and is fitted at the bottom witl 
detachable cover plate, which is secured by six set scre^ 
The whole of the pump crank chamber is filled with 
under pressure from the main lubrication system, throu 
an oil pipe connected to the center of the pump body ca 
ing, and leading from the rear end of the detachable mi 
oil lead pipe on the engine. By this means the efficie 
lubrication of the yoke and sliding bush and also of t 
seating of the pump plunger is assured. 

R.A.E. Tests of Gasoline Pump 

Flow tests at three speeds with varying heads we 
taken, in order to represent working conditions in tl 
engine, flow tests were also taken through jets similar 
those employed on the engine. 

Delivery Tests 

The gasoline pump was run at three speeds, viz.: 55 
800, and 1,275 r.p.m., and the outlet pipe was connect 
to the pump against a variable head from zero to 6 11 
per square inch. 

The maximum and minimum gasoline delivery at the 
speeds are given in the following table: 



Revs, per 
min. 
550 
800 
1,275 



Maximum flow 

Zero head 

300 pints per hour 

422 pints per hour 

630 pints per hour 



Minimum flow 

6 lbs. head 

167 pints per hour 

264 pints per hour 

498 pints per houi 



Fig. 44 shows the graphs of these tests with vary 
heads plotted against delivery at constant speeds. Th 
curves are quite normal, and it is evident from them t 
the valves are acting well, and that the drop in 
livery with increasing head resistance is due to gravitat 
The pressure of the oil in the pump case during these t 
varied between 15 and 20 lbs. per square inch, and 
leakage of oil and. gasoline past the end bearing of 
pump spindle during one hour's run was approxima 
one pint. 

Tests Through Engine Delivery Jets 

In the engine the gasoline is delivered through rest 
ing jets (shown in Fig. 35) into the constant level t« 
whicli feed the jet chambers below, and are provided 
overflows to the main gasoline tank. 

In the tests both outlets of the pump were connecte 
a Y piece with one delivery pipe, the end of which 
closed by a plate M« in. in thickness^ having two 
diameter jet holes drilled through. 

The gasoline pump was run at the three speeds i 
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^i 



B.P.M. 

550 

800 

1,275 



Head 
Retiilattee 



Pint* per hour 
160 pints 
218 pints 
360 pints 



Starting Gear 

In the semi-diagrammatic cross-sectional drawing of 
the engine, Fig. 4, the working principles of this simple 
and distinctive starting mechanism are clearly shown. By 
the depression of the hand lever A on the induction side 
of tlie engine, all the tappets are lifted off their cams 
through the action of small lugs formed on the top of the 
tappets, which fit into slots cut in the tubular lay shafts 
BB. All the valves, both inlet and exhaust, are thus 




Fig. 44. Diagram gasoline delivery flow 

the former tests, and the following results recorded of 
dehvery and head resistance: 
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Fig. 46. Calibration c 



s of R.A.E. tests 



opened in the cylinder heads; and at the same time the 
hand lever A closes the shutter C in the exhaust manifold 
by the connection of levers shown in the drawing. The 
valves and exhaust shutter are then locked in this posi- 
tion by a peg, which is inserted in two holes D, which now 
coincide in the band lever A. By the action of a large 
hand suction jiump E in the pilot's seat, gas is then drawn 
into the combustion chambers through the inlet valves and 
induction pipe from the carburetors as indicated in the 
diagram. When the cylinders are charged the valves 
are returned to their normal positions by tJie withdrawal 
of the locking pin in the hand lever A, and simultaneously 
the free passage in the exhaust manifold is again opened 
by the shutter C. Ignition is then effected by means of a 
Bosch hand-starter magneto In the pilot's seat. It will 
be noticed that the exhau.st shutter lever is provided with 
a spring-loaded tie rod to ensure a true seating for the 
shutter. In order to ]>revent the engine from being 
started until the hand lever has been released to its off 




Fig. 45. Diagram engine section 



Pig. 47. Diagram valve lift It.A.E. testa 



TEXTBOOK OF AERO ENGINES 




Fig. 19. Installation of Maybach 



■ which takes the 
a special form nf 



position, the locking hole in the leve 
pin is made in such a way tliat only 
locking pin can be used. For this purpose the ha: 
of the starting magneto is made easily detachable, and 
is used for the purpose of locking the hand lever A. It 
is thus practically impossible to cause ignition with ttie 
valves open and the exhaust passage closed, which, of 
course, would cause firing back into the carburetors, and 
probably also result in destroying the hand pump. 

Engine Test Report at R.A.E. 

The Maybach engine (No. 1261). after several slight 
repairs had been carried out to the cylinders and pro- 
peller hub flange and coupling, was erected on a test bed, 
coupled to a Heenan and Froude dynamometer and sub- 
mitted to the following power and consumption tests, in- 
cluding a one hour's duration test at normal speed. The 
results of the calibration tests are as follows: 



..67-C. 



Oil tempernturr . . 
Water temperature 

(inlet) iTC. 

Water temperature 

(outlet) 6fl=C. 



Valve Timing During Tests 

Inlet.. ExhauKt 

O. H°R O. 33°F,. 

..C. 7»L. • 



Magneto advance . 

Running was steady at all speeds between 900 and 1,400 
r.p.m., but owing to the fact that the propeller hub l!ani;e 
on tlie crankshaft was damaged, and was running slightly 
out of truth, the vibration became excessive above 1,400 
r.p.m. 

Considerable trouble was experienced with the wnl'r 
connection between the cylinders on the exhaust side- 
The running became unsteady below 900 r.p.m. 



R.P.M 

B.H.P 

Brake, M.E.P. 


... 1,200 1,.SOO 1,400 1,5(K> 
25S 279 294.3 SlH.!i 
120.5 I20.S 118 113.9 


Owing to the exiiaust manifold being fitted as part of 
the engine starting gear, it was not possible to form M 
idea of the distribution. 


sumption in 
pints b.h.p. 




A diagram of the inlet and exhaust valve lift is shown 




graphically in Fig. 47. 




hour 

The results of tli. 
diagram (Fig. 46). 

At the conclusion 
duration .-it normal 


0.53 0.32 0.526 0..'il5 
ese tests are sliown graphically on the 

One Hour Test 

of the above tests a run of one hour's 
revolutions (1,400 r.p.m.) was carried 
ing results: 

,,..390 
. . .31) gallons = 0,55 points per b.li.p. hour. 


Engine 

Make ot engine and rated h,p 

Type iiumlier , 

dcrs 

Bore 


Data 

-Maybach 300 h-p. 

. .Six verticaL 
,.165.0 mm. = 6.50 in. 


.Stroke. Bore 


.1.09 I 1. 








Average b.h.p 


Swept volume of one cylinder 


.. 3948.85 cu. CTD. = 2Si3cu. 
in. 




Clearinee volume of one cylinder. 




Oil pressure 


5 lbs. 's(]. in. 


,.TTBJ en. an.=*7J4 ca. in. 
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Compression ratio 5.95 : 1. 

Xormal b.h.p. and speed -29^.0 b.h.p. at 1,400 r.p.m. 

Maximum b.h.p. and speed 304.5 b.h.p. at 1,500 r.p.m. 

Xormal b.m.e.p 117.7 lbs. per sq. in. 

1,400 r.p.m. 

Maximum b.m.e.p 1:20.5 lbs. per sq. in. 

1,200 r.p.m. 

Piston speed 1654.0 ft. per min. 

1,400 r.p.m. 
Mechanical efficiency (calculated) . .86.0%. 
Indicated mean pressure (calcu- 
lated) 137.0 lbs. sq. in. 

Fuel consumption per b.h.p. hour.. 0.526 pint = 0.473 lbs. 

Brake thermal efficiency 28.9%. 

Indicated thermal efficiency 33.6%. 

Air standard efficiency 51.0%. 

Relative efficiency 65.9%. 

Cu. in. of swept volume per b.h.p... 4.80 cu. in. 

Sq. in. of piston area b.h.p 0.678 sq. in. 

H.p. per cu. ft. of swept volume ... 360.0 b.h.p. 

H.p. per sq. ft. of piston area 212.4 b.h.p. 

Direction of rotation of crankshaft. Anti-clockwise (facing pro- 
peller). 
Direction of rotation of propeller. .Anti-clockwise (facing pro- 
peller). 

Type of valve gear Overhead valve rockers and 

push rods. 

Type of starting gear May bach of special design. 

Number of carburetors Two Maybach. 

Bore of main jets Variable from 0.0 to 2.5 mm. 

Bore of pilot jets Variable from 0.0 to 1.1 mm. 

Fuel consumption per hour 19.33 gallons. 

Valve Areas and Gas Velocities. 
Diameters. 

Induction pipe 62.0 mm. = 2.44 in. 

Inlet port 45 X 67 mm. = 1.77 X 2.64 

in. 

Exhaust port 45 X 67 mm. = 1.77 X 2.64 

in. 

Exhaust branch pipes 66.0 mm. = 2.60 in. (ap- 

prox.). 
Cross Sectional Areas. 

Induction pipe 29.26 sq. cm. =: 4.67 sq. in. 

Inlet port 30.15 sq. cm. = 4.67 sq. in. 

Inlet valve (ir dh.) 4.416 sq. in. (total). 

Exhaust valve (rr dh.) 4.366 sq. in. (total). 

Exhaust port 30.15 sq. cm. = 4.67 sq. in. 

Exhaust branch pipes 34.11 sq. cm. = 5.31 sq. in. 

Gas Velocities. 

Induction pipe 196.1 ft. per sec. 

Inlet port 196.1 ft. per sec. 

Inlet valve 208.0 ft. per sec. 

Exhaust valve 210.0 ft. per sec. 

Exhaust port 196.1 ft. per sec. 

Exhaust branch pipes 172.5 ft. per sec. 

Inlet Valves (Two per cylinder). 

Outside diameter 54.0 mm. =: 2.126 in. 

Port diameter (in cylinder head) . . .48.0 mm. = 1.89 in. 

Width of seating 3.5 mm. = 0.137 in. 

Angle of seating 30°. 

Radius under valve head 20.0 mm. = 0.787 in. 

IJft of valve 9.45 mm. = 0.372 in. 

Diameter of stem 1 1 .0 mm. = 0.433 in. 

Overall length of valve 136.5 mm. = 5.373 in. 

Number of springs per valve One. 

Free length of spring 52.5 mm. = 2.066 in. 

Length of spring in position (no 

lift) 39.5 mm. = 1.55 in. 

Mean diameter of coils 51.0 mm. =: 2.00 in. 

Gauge of wire No. 6 B.W.G. 

Ratio length of spring/lift of valve. 4.21 : 1. 
Weight of valve complete with 

spring 0.843 lb. 

Weight of spring bare 0.281 lb. 

Inlet valve opens, deg. on crank. . . .8° early. 

Inlet valve closes, deg. on crank 35** late. 

Period of induction 223°. 

Inlet tappet clearance 0.3 mm. = 0.012 in. 

Exhavst VAi.vES (Two per cylinder). 

Outside diameter 54.0 mm. = 2.126 in. 

Port diameter (in cylinder head) . . .18.0 mm. = 1.89 in. 

Width of seating 3.5 mm. = 0.137 in. 

Angle of seating 30°. 

Radius under valve head 9.0 mm. 0.354 in. 

IJft of valve 9..34 mm. = 0.368 in. 



Diameter of stem 1 1 .0 mm. = 0.433 in. 

I>ength of valve guide 80.0 mm. = 3.149 in. 

Overall length of valve 152.5 mm. = 6.00 in. 

Number of springs per valve One. 

Free length of spring 52.5 mm. = 2.06 in. 

Length of spring in position (no 
lift) .39.5 mm. — 1.55 in. 

Mean diameter of coils 51.0 mm. = 2.00 in. 

Gauge of wire No. 6 B.V .G. 

Ratio. Length of spring lift of 
valve 4.21 : 1. 

Weight of valve complete with 
spring 0.881 lb. 

Weight of spring bare 0.281 lb. 

Exhaust valve opens, deg. on crank. 33° early. 

Exhaust valve closes, deg. on crank. 7° late. 

Period of exhaust 220°. 

Exhaust tapj)et clearance 0.4 mm. 

Inertia Forces, Bearing Loads, Etc. 

Weight of piston, complete with 
rings and gudgeon pin 11.05 lbs. 

Weight per sq. in. of piston area. . .0.423,5 lb. 

Weight of connecting rod complete. 8.93 lbs. 

Weight reciprocating part of con- 
necting rod 3.305 lbs. 

Total reciprocating weight per cvl- 
inder .\ .17.3.55 lbs. 

Weight per sq. in. piston area 0.538 lb. 

length of connecting rod (centers) ..310.0 mm. = 12.20 in. 

Ratio. Connecting rod /crank throw.. 3.4-1 5 : 1. 

Inertia, lbs. sq. in. piston area, top 

center 137.0 lbs. sq. in. 

Inertia, lbs. sq. in. piston area, bot- 
tom center 75.5 lbs. sq. in. 

Inertia, lbs. sq. in. piston area, mean.53.25 lbs. sq. in. 

Weight of rotating mass of con- 
necting rod 5.625 lbs. 

Total centrifugal pressure 1,106 lbs. 

Centrifugal pressure, lbs. sq. in. 
piston area 33.4 lbs. sq. in. 

Mean average fluid pressure, includ- 
ing compression 48.0 lbs. sq. in. 

Mean average loading on crank pin 
bearing, total from all sources in 
terms of lbs. sq. in. in piston area. 118.0 lbs. sq. in. 

Diameter of crank pin 66.0 mm. =: 2.598 in. 

Rubbing velocity 15.85 ft. sec. 

Efl'ective projected area of big end 
bearing 43.23 sq. cm. = 6.70 sq. in. 

Ratio. Piston, area /projected area 

of big end bearing 4.96 : 1. 

Mean average loading on big end 
bearing 585 lbs. sq. in. 

Load factor on big end bearing 9,270 lbs. ft. sec. 

Cylinders. 

Overall height of bare cylinder from 

top of base chamber 479.5 mm. = 18.87 in. 

Depth of spigot at base of cylinder. 3.5 mm. = 0.13 in. 

Diameter of cylinder over water 
jacket * 185.0 mm. = 7.28 in. 

Valve centers (between inlet and 
exhaust) 63.0 mm. = 2.48 in. 

Thickness of flange at base of cylin- 
ders 12.0 mm. = 0.47 in. 

Number of holding-down studs per 
cylinder Four. 

Diameter of holding-down studs ...19.0 mm. =^0.74 in. 

Thickness of water jacket 1.0 nun. ^0.039 in. 

Mean thickness of combustion cham- 
ber wall 8.0 mm. = 0.31 in. 

Mean thickness of cylinder barrel.. 3.0 mm. = 0.11 in. 

Tensile stress 6,640 lbs. sq. in. (approx.) 

(Assumed maximum pres- 
sure 450 lbs. sq. in.) 
Piston. 

T\'pe of piston Cast iron (flat crown). 

Diameter at top 164.25 mm. = 6.406 in. 

Diameter at bottom 164.75 mm. = 6.486 in. 

Length 151.00 mm. = 5.944 in. 

Ratio. Piston length/cylinder bore.0.914 : 1. 

Number of rings per piston Three piston rings, one 

scraper ring. 

Position of rings All above gudgeon pin. 

Width of rings 6.5 mm. = 0.955 in. 

Gap of rings in cylinder 1.39 mm. = 0.055 in. 
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} Rod. 



= 12.305 ii 



between centers MIO.O n 

Connecting rod/crank throw. 3.44 I. 

nd bearlDg type Floating cast-iron bush. 

t bush, diameter. Inside 38,0 mm. = 1.496 In, 

y bush, diameter, outside ...443 mm. = 1.143 in. 
r bush, effective length in- 

93.0 mm. = 3.661 In. 

? bush, projwied area of 

ig on gudgeon pin 35JiS sq. cm. ==5.48 sq. in. 

PUtoii arcB/p rejected area 

:le end bearing 6.06 i 1. 

bearing. Type Bron«e shell lined white 

bearing. Diameter 66.0 mm. — 3.59fl in. 

bearing. Length (actual) . 73.56 mm.=3.893in. 
d beariniF. Length (effec- 
6i.5 mm. = i.580 in. 

bearlng!(. Projected area. 13.33 sq. cm.= 6.700 sq .In. 
I'islon nrea projected area 
■ end iK-aring 4.96 1. 

of big end bolts Four. 

meter of holts 14.0 mm. = 0.5il in. 

r at bottom of threads U.O mm. = 0.473 In. 

ross sectional area, bottom 

■eads 4.JJ0 sq. cm. — 0.70 sq. in. 

threads 1.5 mm. 

ad on bolts nt 1,400 r.p.m.. .5,834 lbs. 



n bolts 



1,600 r 



er sq. In. at 1,400 r.p.in 
er sq. in. at 1,600 r.p.ni 

and type of main bearings. Sever 



e diameter . ■ . 
diameter . . . . 
I, propeller end 

1. intermediate 
febs. 



•2 Ihs. 



n. = 2.598 
n. = 1.49fi in. 
n. = 3.913 

n. = 2.598 In. 

n. = 1.417 in. 

n. = 3.638 in. 

n. = 3.638 In, 

n. = 3.638 



COOUKO SVBTEM. 

Number and tvpe of water pumps. .One centrifugal. 

Diameter of Inlet pipe S4.0 mm, = 2.136 In. 

Diameter of outlet pipe 50.0 mm. = 1.966 in. 

Diameter of rotor III.O mm. = 4.36 in. 

Water capacity of one cylinder 1284.0 cu, cm, 

N'umlxr and type of radiators One, semicircular honey- 
Ratio. Water pump speed /engine 

Water Icinpcr^itiire, inlet S7° Centigrade. 

Water ti-iup.-rMtiire, outlet 68° Centigrade. 

Gasoline Pitmi-, 
Number and type of gasoline pumps. One Mavbach, double acting. 

Bore IS.0 mni. = 0.59 in. 

Stroke 17 mm, = 0.C6 in. 

Normal delivery 364 pints per hour at 800 

r.p.m. 

Maximum delivery 630 pints per hour'i at 1,375 

r.p.m. 
Ratio. Pump speed /crankshaft 

.■ipeed 1 : 2. 

Weights. 
Weight of complete engine, dry, 

wilh propeller boss and eKhHu->t 

nunifold 911 lbs. 

Weight per b,h,p., ditto .1.10 lbs. 

Weight of fuel per hour 139 lbs. 

Weight of oil per hour (s.p.g, 

0.899) 12.36 lbs. 

Total weight of fuel and oil per 

hour 151.36 lbs. 

Cross weight of engine In running 

order, less fuel and oil (cooling 

system at 0.65 lbs. per b.h.p 1102,0 lbs. 

Weight per h.h.p., ditto 3.79 lbs. 

Gross weight of engine in running 

order, with fuel and oil for six 

hours (tankrtge at 10% weight of 

fuel and oil) 3100.9 lbs. 

Wei^t per b.h.p., ditto 7.14 lbs. 



General Analysis of Weights 



> at ends of journiils and 

k pins 4.5 mm, 

t of complete shaft 99.9 lbs. 

learnnce, top (total) 0.75 mm 

learance, bottom (total), . ,0.35 mm 
trance of connecting rod In 

(total) 11.8 mm 

irance of big end on erank 

Btai) 0.44 mm 

ranee of crankshaft in — -'- 



e of valve stem 



St) 



...'J.O n 






I. = 0.464 In. 

i. = 0.0173 in. 

— 0.116 in, 

I. = 0.00*73 in. 



0.15 n 



and type of nil pumps Three, rotary gear, 

uuption per hi>ur H.O pints. 

imptlon per b.h.p. hour 0,037 pints. 

■erature 65° Centigrade. 

sure 5,0 lbs. per sq. in. 

gravity of oil 0.899 s.p.g. 

Pump speedcrnnkshnft 

riivery (c;ili-ulnted at 100% 

■trie efficiency) 91 gallctns per hour b 

and type nf nmgneto.'i Two Bo.'ich. 

•quenc'e of I'nginc 1-5-3-6-J-4. 

timing (fully advanced). , .ftS'' early. 

of plugs per cylinder ....Two. 

plugs Bosch 3 point. 

lagneto speed engine speed. 1.5 : 1. 



Pcscrlptlon of Part 



Cylinders, bare 

Pi.stons, complete with rings and 

gudgeon pin set screws 

Gudpeon pins 

Connecting rod.s and floating bushes 
Crank'-lmft, complete wilh oil rings 
Crniik.shfift extension, with nut and 



Inlet and exhaust valve 

Potters and toeklng device 

Thrust, complete with ball races, 

propeller hub flange, and camshaft 

driving sprocket 

Camshafts 

Overliend valve rocker.ii, complete.. 
0^■e^lK■ad rocker Iwnrings, complete 

Vnlve tnppets and guides 

CrankcHse, top half 

Cr'inkcase. Iiottom half 

Bearing caps 

Front bearin;! Cup 

CrankcHse, holding-down bolts, with 

clumps, nuts and wa.shers 

Induction pipe, complete 

Propeller huh, with h^ts and nuts. 
Inlet vnlve push rods 



a 


10.00 




1.08 


4 


D.43 


J 


0.93 


I 


94.30 


1 


4I„S3 



to.!ie 

0.41 
0.5T 

0.6J 
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Exhaust vnlve push rods 

Inlet and exhnust stlfTtrnln^ platps. 

Oil punips, with drive and pipe j 

Hear cover plate 

Front raver plate 

Water pump, complete | 

Camshaft, oil anil water pumps 

drivlnir e>*°rs : 

M'lreless cTutrh 

Revolution counter fcear 

Machine giin interrupter §:ear 

Gusoline pump 

Mafcnetus | 

Magneto wiring 

Oil pipes j 

Self-stBrler gear 

Exhaust tnnnifold ^ 

Curburetors , 

Miscellaneous 

Tutal weijtlit of engine 



S.50 


»^0 


o.!i:) 


13.65 


13.6S 


1.50 


J.06 


5.06 


0.55 


3.62 


■i.6i 


0.^ 


\A3 


13-2 


0.20 


3.50 


3.30 


0.3S 


10.7a 


^l.SO 


^.36 


4J3 


■I.T3 


0.53 


4.00 


4.00 


0.44 


0.00 


6.00 


O.lHi 


-27.m 


27.00 


3.90 


16.00 


3J.00 


3.5 1 
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Mechanical Tests 

Mechanical tests were made on tlie crankcase and Cfai 
shaft, the results of which are given below: — 



Metallurgical Analysis of Principal Parts 
Mechanical Tests 
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THE i8o H.P. MERCEDES 



General Description 

following data on tlie design of the 18U h.p. 
es engine is based on an examination of the engine 
5,954) taken from the captured German Albatros 

D.5.A. (G. 07). 
180 h.p, Mercedes is a combination of the ICO h.p. 

360 h.p. Mercedes engines, 
imparison with the standard type 100 h.p. Mer- 
he new engine shows a marked improvement, both 
lesign as a whole and in its general performance 
power and consumption tests, and as a comparison 
I the two engines the following comparative table 

leading particulars of the engines is herewith 



160 h.p. 



180 h.p. 





sion ratio 


1.50 : 1 4.6* 


b.h.p. and speed 


I6J.S ut i,*oo n* 


<lbs. per sq. in.) ... 


102.0 at i,*0« 109. 



160 h.p. ISO h.p. 

Total weight of engine (dry) 6Ig lbs. 63j lbs. 

Weight per b.h.p 3.80 ihs. 3.65 lbs. 

Fuel ponsumption per l»our Si.-2 pints 94.fi3 pints. 

Fuel consumption per b.h.p. hr, ....58 pints .515 pints. 

Oil ransumption per hr .5.0 pints 7.3 pints. 

Oii ronsumption i>er li.h.p. 1i: .03] pints .Ml pints. 

Inlet valve opens 3- L. T.D.C. 

Inlet valve closes 35° L. 40° I.. 

Exhaust valve opens £3" E. 40° E. 

Exhaust valve closes 13° L. 10° L. 

Ignition timing (fully advanced). 30° E. 30° E. 

Delivery of water pump 41.4 gallons per min. 

The six separate cylinders are exactly the same con- 
struction as those used in the standard 160 h.p. Mercedes 
engines, being built up entirely of steel, with the valve 
pockets screwed and welded into the cylinder heads, and 
the water jackets of pressed sheet steel welded in posi- 
tion. The pistons also follow the standard Mercedes 
practice and are similar to those used in the IGO h.p. 
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engines, bfing ronstructed with coiicnvc heads macliined 
from steel forgiiigs, whieh are screwed into tiie casHron 
skirts of the pistons and welded tn position. 

Three rings are provided above tlie gudgeon |)ins and 
one ring below, wliicli is situated ut the base of the skirt. 
The gudgeon pins are carried in lugs machined in the 
lower part of the steel piston crown. The compression 
ratio, it will be noticed, is slightly higher in the new 
180 h.p. engines, being 1.6:1 as compared witli 4.3:1. 

Connecting Rods 
The H section connecting rods with their floating cast 
iron gudgeon pin bushes also follow the usual Mercedes 
practice, and are identically llie same as those used on tlic 
160 h.p. engines, and the whole of tjie camshaft vertical 
driving shaft and also tlie water and oil pumjis driving 
gear is similar to the ^60 li.p. engines. 

Crankshaft 

No alteration has been made to the general design of 
the crankshaft from the Standard IGO h.p. type. The 
lending dimensions, clearances and method of lubrication 
of the journal and connecting rod bearings are tlie same, 
as shown in the general arrangement of the engine, Fig. 3. 



Crank case 

The crankcast', while following the general construction 
of the 160 h.p. engines, also resembles in many wayi) llir 
260 h.p. type. The usual Mercedes practice of castinn 
the lower half of the main bearing housings integral witli 
the bottom half of the base chamber, and also (he method 
of holding down the cylinders by long bolts which pass 
through the base chamber top half and secure the hro 
halves of the crank chamber, is adhered to. 

Valve Gear 

The single inlet and exhau.st valves of each cylinder, 
which work at an angle of 15° to the central axis cf tilt 
cylinder, are intcrciiangeable as in the 16U h.p. englni"! 
and are of similar design; the valve operating gen r Is, 
however, of new design, and follows more the constiur- 
tion of the valve gear on the S60 h.p. Mercedes engints. 
General details of this construction and working of the 
valve gear shown in the sketch. Fig. -k. 

It will be noticed that the rocker arms and tlidi 
spindles are now integral, being machined from stnl 
forgings. The camshaft casing is constructed entirely 
from malleable iron castings, and the valve roeker spindles 
work in direct contact with the malleable iron, no bronze 




Fig. i. K.\liaust side Mercedes ISO H.P, 
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Fig. 4. Overhead camshaft and new valve gccr 

ashes being provided as bearings for the rocker arm 
pindles, and the covers of the camshaft casing from the 
tp portion of the rocker spindle bearings. 

The rocker spindles are hollow, and are lubricated 
■rough two holes drilled radially in the spindles by oil 
rown off the revolving cams into the two holes drilled 

tlie rocker arm carrying the cam roller. 
This design of valve gear is undoubtedly a great im- 
ovement on the arrangement adopted in the 160 h.p. 
ercedes, the construction of which is well known, hav- 
S the rocker arms working through slots in the cam- 
aft casing, which are provided with felt packing strips 



and baffle plates for retaining the oil in the camshaft 
casing. 

Camshaft 

The camshaft is of similar design to the 16U h.p. 
Mercedes, and the casing is supported on long studs 
which are screwed into the head of each cylinder. 

With regard to the valve timing, this, it will be noticed, 
is different from the standard 160 h.p. Mercedes, as shown 
in the comparative list of leading particulars. The valve 
lift has been increased from O.+tO in. on the 160 h.p. 
engines lo 0.'1>52 in. Only very minor differences occur 
in the actual dimensional details of the half compression 
gear in the new engine. Details of this mechanism are 
now well known; the general design is, however, clearly 
shown in the general arrangement sectional drawing of 
the engine. Fig. 3. 

Carburetors 

No alteration has been made in the design of the twin- 
jet dual carburetors. Both carburetors are enclosed in a 
cast aluminum water jacket, which is coupled at the 
bottom by a water pipe to the delivery pipe of the water 
pump at the top of the water jacket of the rear cylinder 
to the top portion of the water jacket of the carburetors, 
as shown in Fig. 1. 

Each carburetor feeds three cylinders by a branched 
induction pipe of steel tube which is lagged with asbestos 
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Fig. 5. Carburetor sectii 



cord and bound witli adhesive tape. Tlie throttles are, of 
course, interconnected, and are operated by a cable and 
also by a control lever and rod. The float chambers are 
of ordinary design, but are fitted with separate filters 
attached to the bottom of each float chamber, which are 
easily detachable. These Alters are provided with 
needle valve drain cocks. No compensation arrange- 
ment is provided for altitude control. The bore of the 
main jets is 1,*73 mm., and the bore of the pilot jets, .558 
mm., which is the same as in the 160 h.p. Mercedes car- 
buretors. A semi-diagrammatic sectional view of one of 
these carburetors is re]>roduced in Fig. 5, for reference. 




Fig. 7. Section of oil pump 



The air-intake to the carburetors is taken through the 
passage cast in the central portion of the top and bottom 
iiatves of the base cjiamber, which forms an air chamber 
between the front and rear oil pumps in the lower portion 
of the bottom half of the base. Air enters the central 
air chamber through two holes cast in the sides of the 
chamber and also warm air through a large diameter pipe 
leading from the central portion of the top half of the 
crank chamber. 

Camshaft Drive 

The method of fixing the camshaft driving bevel at the 
top end of the vertical shaft, as shown in the sketch, 
Fig. 6, is unusual. This method is similar to that adopted 
in the 2S0 h.p. engines, and is so designed as to altov oF 
a certain amount of vertical adjustment of the bevels. 
The driving end of the vertical shaft is machined ■OQ 
ground parallel, 21 mm. in diameter, and is fitted with » 
key, which fits in a key-way in the driving bevel ; a ground 
taper on the bottom extension oi the bevel, which is split 




Fig. 6. Method of attnching camshaft driving pinion 



Fig. S, Sectional view of oil pump 
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saw cuts, and into wliich screws a ring nut, locks 
;1 securely in position on the vertical driving sliaft. 
le old 160 h.p. Mercedes engines the camshaft 
bevel on the vertical shaft is fixed by two bolts in 
it extension of the bevel which is litted on to a 
taper on the vertical shaft, 
rring to the sketch of the vertical shaft, it will be 




Fig. 9. Section water pump 



The suction or 
n oil sump frn 



the r 



oil sight level indicator is provided in the side of 
ir oil sump. 



Ignition 

Two Z.L.6 type Bosch magnetos are fitted at the rear 
end of the engine and are driven directly off the cam- 
shaft vertical driving shaft by bevel gears, as in the 260 
h.p. engines. 

Ignition is by two Bosch 3-point plugs fitted to each 
cylinder, one on either side of the cylinder below each 
valve head, and the H.T. cables are carried as usual in 
liber tubes attached to the cylinders. 

The ignition timing is fixed at the same period as in the 
160 h.p. engines, i.e., .10° E., and the speed of the mag- 
netos is 1.5 times engine speed. 

Firing order: ], 3, 3, 6, 2, 4. 

Water Circulation System 

The water pump in the old type 160 h.p. Mercedes 
engines is situated above the magneto drive, and is driven 
directly off the vertical camshaft driving shaft. In the 
180 h.p. engine the Standard 260 h.p. type water pump 
has been adopted. 

This is now driven, as in the large engines, by a dog 
clutch off the bottom end of the lower vertical shaft which 
also drives the oil pump worm driving shaft, as drawn in 
the sectional arrangement. Fig. 3. 



at the bottom end of the shaft is carried on a 
o " universal bearing, which is mounted inside a 
:eve, carried at the rear end of the crankcase, and 
n off the floating bevel gear on the rear end of the 
aft in the usual way. 

Lubrication 

old 160 h.p. type multiple plunger oil pump has 
placed by the larger pump, similar in design to 

h.p. Mercedes pump. The oil pump is attached 
bottom of the rear oil sump or reservoir, at the 
d of the base chamber. The functions of the oil 
are perhaps most clearh' demonstrated in the 
imatic sectional drawing, Fig. 7, and in the sec- 
ketch of the pump. Fig. 8. Briefly described, the 
IS of the oil pump and the system of lubrication 

sub-divided into three circuits. 
Fhc main pressure circuit in which oil is drawn 
le main oil sump at tiie rear of the base chamber 
orccd to the main crankshaft journal bearings and 
ing rod bearings, and also the camsliaft bearings, 
riie supplementary pressure system which works 
unction with tlie main high pressure system, in 
wo auxiliary plungers of the main oil pump draw a 
large of fresh oil from the service oil tank at every 
}f the pump and force the charge into the main 

ivenger circuit, which supplies 
he auxiliary drain sump at tlie 
id of the ba.sc chamber, the working oil level being 
led in the rear sump by an auxiliary suction pump 
Iraws oft" the oil .itiove the oil level through an 
' pipe and returns it to the oil tank. 




Fig. 10. New Mercedes air punijj 



The water pump spindle is provided with a spring 
loaded face washer of steel in place of a gland, and the 
spindle is lubricated by hand, as in the 260 h.p. engines, 
by a large screw down grease lubricator accessibly ar- 
ranged on tlie pilot's scat. Details of this water pump 
are clearly shown in the sketch. Fig. 9. 

Air Pump 

This is of a new design, and is now driven off the front 
end of the camshaft, as in the 260 h.p. engines. T!ie 
piston and barrel of the air pump are made of east iron, 
and the piston is operated by n small connection rod of 
bron/e and a double webbed crank, as shown in the sec- 
tional sketch. Fig. 10. The air pump crankshaft is pro- 
vided with four serrations which fit into the corresponding 
splines cut on tlie inside of the hollow camshaft. The 
bore of the pump is 10 mm., and the stroke is 40 mm. 
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Fig. It, Power and < 
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Fig. IS. Valve lift diagram 



Air inlet ports are drilled in tlie lower portion of the 
pump barrel and are uncovered by the pi.ston at ttie bot- 
tom of its strnke, and the delivery clieek vnlve in situated 
in the head of the pump barrel. A regulating valve is 
provided directly above the ciicck valve, the released air 
escaping through the center of the hollow adjusting 
screw, and also through six small holes drilled radially 
in the screwed eap which forms the seating of the 
regulating valve. 

A self contained oil tr.ip is provided by the gunmetal 
jacket which surrounds the barrel of the air pump. This 
is fitted with a drain cock, as shown in the iiketch. The 
air pump pi.ston and crankshaft are lubricated by the 
excess oil in the camshaft casing. 

The main oil lead from the nil pump to the hollow 
camishaft is taken through a passage drilled in the crank 
chamber of the air pump, the oil entering the camshaft 
through four r> mm. holes drilled radially in the hollow 
air pump crankshaft whieh register with a groove cut in 
the inside of its bearing. 



Description of Part. 



Cylinders (bare) 

Pistons, eon))ilete with 
rings Hnd gudgeon pins.. 

Connecting rods, with gud- 
geon pin liushes 

Valves, complete with 
springs, etc 

Cranksliaft (bare) 

Camshaft (bare) 

Camshaft casing with liear- 



and c 



gear 



Valve rockers . . . 

Half compressii 
(complete) . , . 

Vertical driving shaft 
(complete) including cas- 
ing, oil pump, drive, and 
floating bevel) 

Base chambers (top half).. 

Base chambers (bottom 
half) 

Carburetors 



Induction pipes (lagged 
asbestos) 

Water pump (complete).. 

Oil pump (complete) 

Air pump (tnmnl<'te) 

Magnetos (complete) 

WHtcr piping 

Propeller hub (complete). 

Ignition wiring (complete) 

F,xhaust manifold 

Miscellaneous parts 

Total weight of complete 
engine (dry) (with pro- 
peller huh and exhau.st 
manifold) 







.M 


}!' 


19.35 


115.50 


6.S5 


41.10 


5.00 


30.00 


131 


13.74 


T0.00 


70.00 


T,T5 


T.75 


27,63 


37.63 


.97 


10.50 


7.00 


7.00 


17.50 


17.50 


72.3S 


5TJ„> 


100.00 


100,00 


16.75 


16.75 


5.00 


10.00 


7.75 


7.75 


13.35 


13.35 


4.75 


4.75 


14.00 


28.00 


3.J5 


3.35 


13.50 


13.50 


3.00 


4.00 


13.00 


13.00 


31.78 


31.79 



Weighlt lbs. 
Weight of engine complete, dry, including pro- 
peller hub and exhaust manifold 660.0 

Weight per b.h.p 3.79 

Weight of exhaust manifold 13.0 

Weight of oil carried in engine 19.1i: 

Weight of fuel and oil per hour 93.33 

Gross weight of engine in running order, less 
fuel, oil and tanks, but including coaling sys- 
tem, at 0.61 lb. per b,h.p 773.0 

Weight per b.h.p l.ll 

Gross weight of engine in running order, with 
fuel, oil and tanks for six hours. (Tanks at 

10 per cent, weight of (nel and oil) 1,390.3 

Weight per b.h.p 8.00 

Test Report 

The following is a summary of a report on tests of th 
1 8f) h.p. Mercedes engine carried out at the Royal Airergl 
I''actory. 

The engine was erected on test bed, and coupled to 
Hecnan and Froude dynamotor, and power readings taki 
at various speeds, simultaneous fuel and oil consumptii 
readings being taken. Tlic results of these tests ■ 
shown graphically on the curves attached to this report. 



GERMAN TYPES 317 

These curves show the following readings: this speed the engine was found to be incapable of giving 

R.p.m 1300 1500 constant power. 

3 |j p jgy- jgQ The engine was run at 1,400 r.p.m. for the purpose of 

B.m.e.p 112 105 5 calibrating the output of the water pump, which delivered 

Fuel consumption in pints per ^"*° ^ graduated tank at the rate of 41.4 gallons per 

b.h.p. hour 540 ,555 minute. 

Normal engine speed 1,400 r.p.m. Owing to the fact that during the above test it was 

Averaire b.h.p 174 found to be impossible to tune up the engine, the power 

Average gasoline consumption. . .545 pint per b.h.p. hr. developed does not probably represent its best perform- 

Average oil consumption 042 pint per b.h.p. hr. ^^^^' *® ^^^™ ^*^^' ^*** *"^ *^«*^ ^^ *^^ ^^S^^^ ^ normal 

b.h.p. of 179.5 at 1,400 r.p.m. and a maximum b.h.p. of 

During a previous test, the engine was run up to 1,700 188 at 1,500 r.p.m. has been recorded, 
r.p.m.^ at which speed 197.5 b.h.p. was recorded, but at 



THE 260 H.P. MERCEDES 



Tliis engine is tlie latest tvpe 260 h.]). Mercedes, and 
tlie aeeom|ianying drawings and details have been collected 
from an investigation of tlie twin engines taken from a 
captured tliree-seater " Gotlia " biplane of the pusher 
type. 

The engine is naturally of considerable size, and in 
connection witli these larger types of German aircraft en- 
gine, the '-i60 h.p. Mercedes is ty])ical of German ideas 
at the moment. It may be regarded as practically a mag- 
nified edition of the smaller ones, and much of the detail 
design is similar. One of the Mercedes 




tained little damaged, with the result that after eerlaJa 
repairs had been carried out it was put through a bencli 
test, when particulars as to b.h.p. consumption, etc., werr 

In many respects and in general constructional detsil 
these engines resemble the 160 h.p. Mercedes, and folW 
the usual German practice for aircraft engines of this typf. 
Six se]>arate vertical cylinders, water cooled, with a mas- 
sive six throw crankshaft running on plain bearings, arc 
the outstanding characteristics, the design throughout alm- 
^liability, combined with ease of 
facture, ratlier than eitremek 
low weight per b.h.p. Althougli, of 
course, of considerable size, the 
whole engine is of very homogeneoiu 
and clean design throughout. 

The complete engine, including the 
propeller boss, measures 6 ft. SU in. 
overall, and from the bottom of the 
sump to the top of the overhead cam- 
shaft easing measures apjtroxiDialely 
3 ft. 10 in. The bore of the cylin- 
ders is 160 mm. and the stroke 18" 
mm. Four valves — i.e., two itil*' 
and two exhaust — arc arranged >" 
the head of each cylinder, and tlif'*'" 
arc operated by an overhead ca"*" 
shaft running In a separate housiii)^ 
supported on brackets screwed ii»*' 
tlif cylinder heads; the valves »*" 
interchangeable. 

'J'hc half compression device is t* 1 
erated by sliding the camshaft in t ' 
usual manner, and the arrnngemtr ■ 
is similar to that adopted on the ] ^ 
h.p. Mercedes; the actuating gear 
fitted to the rear end of the shaft cr»- 

Thc induction pipe takes its x"^ 
supply through the base chamber, 
the rear end of which It is attach^' 
and a 4> in. diameter passage is e.o- 
in tlie base for this purpose. A si "^ 
pie type of two jet carburetor is p*' 

The main bearing caps are cJ*-** 
integral with the bottom half of t:''' 
crankcase, and the long bolts tli^' 
secure tliem pass through the top 
h.ilf of the crankcase, and are used 
for securing the cylinders by means 
of triangular clamps. 

Forced lubrication ia employed, ibe 
bearings and journals being supplied 
through the drilled crankshaft and 
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Pl^. 4. Valves and valve rocker 



suitable oilways. A four throw cccenlric driven plunfter 
pump of similar but improved design to that used on the 
160 h.p. Mercedes type is fitted. An " auxiliary " sump in 
tile front end of the crankcase is emimdied, and small 
supplementary pump plungers, which work in conjunction 
with tlie main oil pumji, feed fresh oil into the system 
from the service oil tank. 

Two Bosch Z.H.6 magnetos are fitted, and these are 
driven off the vertical camshaft driving spindle. The 
spiirk plugs are fitted on the induction side of the cylinders. 

The water pump driving s|iindle is lubricated while in 
flight by means of a ratchet driven grease gun or pump, 
worked by a cnble and lever from the pilot's seat. An 
electrical tachometer is driven nt engine speed from the 
rear end of the camshaft through a flexible shaft. 

At the opposite end of the engine to the half compres- 
sion actuating gear a small direct driven plunger pump is 
fitted for providing air pressure to the fuel tank, while 
just beneath, and attached to one of the pipes, a trap is 
fixed to prevent oil, which returns to the sump via the oil 
pump casing, getting into the air pressure sujiply. A 
spindle beneath, and on the same center line as the vertical 
camshaft driving spindle, drives the water pump, which is 
arranged with a plain dog coupling, so that it may be 
easily withdrawn should this become necessary for any 
purpose. 

A feature in the construction of these engines is the 
general use of soft mild steel for such Jfarts as the lubri- 
cation pipes, etc. This feature may lead to the fallacious 
conclusion that the enemy has adopted mild steel owing to 
shortage of copper, whereas this |)ractiec has been 
standard witii the Mercedes Co. for many years — cer- 
tainly since long before the war. 



Cylinders 

The general construction of the built-up cylinders, cun 
posed entirely of steel machined all over, and sheet slet 
|)resscd to the formation of the water jackets, presents a 
interesting example of expert acetylene welding. Th 
building up methods applied to the cylinders and tliei 
general construction are clearly shown in Fig. 1. Th 
cylinder barrels are screwed into the cylinder head, Ih 
pitch of the thread l>eing l.T.'t mm. They are maeliinei 
from forgings or billets, and the cylinder walls taper ii 
section from 3.5 mm. at the top to 6 mm. base flange 
Six stiffening ribs are arranged, the distance between tin 
ribs increasing towards the base of the cylinder. Tin 
barrels extend 35 mm. below the base flanges, and are o( 
S mm. thickness for the depth of 12 mm. forming the 
register, the extension being then reduced to 2.7^ mm.. 
presumably as register clearance and to reduce the amount 
of limit machining. 

Steel forgings are emjiloyed for the cylinder heads, and 
into these are built the four valve pockets and also the 
inlet and exhaust ports. The sentings for the valves ire 
machined in the cylinder heads, nnd the thickness of the 
crown of the heads is 1 1 mm. The valve pockets are also 
machined from steel forgings, and are acetylene welded 
into the cylinder heads. Steel valve stem guides are 
welded into the valve pockets, and phosphor bronse bnslirs 
are pressed into the guides. It will be noticed that the 
exhaust valve guide is arranged with greater water spaee 
than the inlet. 

Tiie water jackets are built up in four sections from 
sheet steel pressings 1.25 mm. in thickness, the lower 
section of the jacket being of barrel formation and welded 
to the flange joint on the cylinder walls. The top sections 
are in h.'dves and encircle the valve pockets, the joints 
being welded vertically on the center line of the valve 
ports. A sheet steel disc is welded on to the flanged top 
sections to form the top of the jacket, and the water ei^ 
culation pipe connections are welded into the top and 
bottom of the jackets on the exhaust side. The sparL 
plug bosses are fitted and welded into the cylinder barrels 
on the induction side just below the inlet valves. 

As in the 160 h.p. Mercedes engines, the exhaust vaU'i 
guides are water cooled by recesses formed in each of thi 
exhaust valve pockets, so that the water is led right up t< 




it end of camiihaft and valve rockeri 
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the valve stem guides. Considering tlie size of the cylin- 
ders, they are remarkably light in weight. The complete 
cylinder, with valves and valve springs, etc., and including 
the two brackets screwed into the cylinder head to carry 
the camshaft, weighs 34.25 lbs. 

Pistons 

These are constructed in two parts- — namely, the head 
which carries the gudgeon pin and the skirt of the piston 
into which the head is screwed. A steel forging machined 
■1) over forms the head, the thickness of the crown being 
i.S mm.; it is slightly domed, as shown in Fig. 3. The 
skirt of the piston is screu'cd on to the head and acetylene 
welded at the joint, cast iron being used for this portion. 
Three compression rings are fitted in grooves in the cast 
iron skirt above the gudgeon pin, while a scraper ring is 
fitted at the base of the piston. The width of the rings is 
i mm., and all the rings are split with a simple diagonal 
gap cup at ^5°; no locating pegs are fitted to maintain 
their positions. The gudgeon pin, which is 37 mm. 
diameter, projects through the bosses in the piston head 
and iits into the piston skirl flush with the outside 
diameter. It is fixed by an 8 mm. set screw, passing into 
the end of the gudgeon pin and through the boss, being 
looked by a split pin on the inside. The weight of the 
complete piston with gudgeon pin and bush is 1 1 lbs. 

Valves and Valve Gear 

As previously mentioned, the twin i 
halves are interchangeable, the n 



let and exhaust 
diameter of the 



head of all valves being 60 mm., while the port diameter is 
55.25 mm. The lift of both the inlet and exhaust valves is 
10 mm., and the clearance between the end of valve stem 
and adjustment screw of the rocker arm is .018 in. The 
general arrangement of the valves and rocker arms is 
clearly shown in Fig. 3. 

The valves are operated by a single overhead camshaft, 
enclosed in a housing of special alloy machined all over. 
It is supported on T brackets on the cylinder head, two to 
each cylinder. The camshaft runs on seven phosphor 
bronze plain bearings, which are mounted in aluminum 
bushes fitted into the camshaft housing and located by a 
tapered grub- screw. 

The method of operating the twin valves off one cam 
and the general design of the camshaft and camshaft 
housing arc interesting; details of this arrangement are 
also shown in Fig. 3. The spindle of each rocking lever is 
mounted on three bearings in the camshaft housing, and is 
so designed that the cam operates the arm of the rocking 
lever inside the camshaft housing, while the other arm of 
the rocker operates tlie valve outside the casing, this arm 
working between two outer bearings of the rocker spindle 
situated between the separated compartments of the cam- 
shaft easing. On the end of the outer rocker arm a 
double branch tappet arm is fixed which operates the twin 
valves. (See Figs, l and 5.) Although these branch 
arms should not move upon the valve rocker, they are not 
secured by a set-screw or taper pin ; being merely pressed 
on to the ends of the rocker arm, they are easily driven 
off, and probably are so arranged in order that they may 




Fig. 11. 
GENERAL ARRANGEMENT OF M H.P. MERCEDES AIRCRAFr ENGINE. lU MM. BORE x Ut MM. STROKE; 




Fig. 10. Oil pulsation damper valve 



automatically equalize any variation in valve stem len^h 
that dcvflopa in work. The spindles of the valve rockcM 
are carried directly in the camshaft housing, no gunmetil 
or other busiies being fitted. The inner arms of the rocker 
levers in contact with the cams are fitted with hardened 
steel rollers. 

The diameter of the valve stems is II mm., and each 
valve works in a phosphor bronze bush in the valve stem 
guide, as already mentioned. All valves are set at an 
angle of l.'i° to the cylinder center line, and single helical 
valve springs are fitted. They measure 39 mm. at the 
base of the coil and taper to Hi mm. at the top. Conical 
split nuts, locked by the pressure of the valve spring on its 
washer, locate the springs on the valve stems; details of 
this arrangement are shown in the illustrations. 

Camshaft Drive and Half Compression Gear 

The camshaft, as previously menlinncd, is driven 
through a verticil shaft by the main distribution bevel 
pinion mounted on the end of the crankshaft by four 
splines. The method of attaching the bevel pinion to the 
lop end of the vertical driving spindle is interesting. The 
fixing of this pinion is so designed that it may be adjusted 
for mesh in relation to the teeth of the camshaft driven 
bevel wheel. Details of this gear and its fixing arrange- 
ment are shown in Fig. 6. The end of the shaft is 2.S mm. 
in diameter and ground parallel; it is fitted with a key, 
and on tliis the bevel pinion is a push fit. A ground ex- 
tension sleeve, tapered and screwed as shown in Fig. 6, is 
arranged on the bottom of tlie pinion, this sleeve being 
split by four saw cuts, so that the applieation of the 
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Half Compression Gear 

This is similar in design to that fitted on the 160 h.p. 
Mercedes engines, in which the camshaft is designed to 
slide longitudinally in ils bearings and bring into opera- 
tion a small cam situated on the mid-neutral axis of the 
exhaust cam proper. Sliding movement of the camshaft 
in its bearings is provided by arranging the camshaft 
driving bevel wheel upon eastellations on the end of tlie 
camshaft. The camshaft driving wheel is moimled in i 
split gunmetal bearing in the rear end of the camslwft 
housing, and the sliding movement of the camshaft is 
effected by means of a hand lever set at right angles In 
the axis of Ihe camshaft, and to which is attached a gun- 
metal collar screwed inside with a five start square tbresd 
of 23 mm. pitch. This collar, which is located in an 
aluminum bousing, engages with a corresponding screw 
thread cut on the outer diameter of a steel sleeve. Inside 
the sleeve is a double ball thrust, which is fixed to the rear 
end of the camshaft, so that in operation the movement of 
the iialf compression lever about the axis of the camshaft 
rotates the quick thread screw in the sleeve, thus pulling 
or pushing the end of the camshaft in its bearings througli 
the eastellations of the camshaft driving bevel wheel. 
When the camshaft is drawn to its limit of movement 
towards the rear, the half compression cam is drawn inlo 
line with the roller end of the exhaust ralve rocker arm, 
giving the requisite lift to the exhaust valves. The Ha^' 
compression cam opens the exhaust valve near the en<l. o' 
the compression stroke. 

The hardened steel rollers on the cam rocker arms »" 
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hardened steel, ground 3.5 mm. in thickness, the outside 
diameter being 42 mm. and tlie inner diameter is 37 mm. 
The bush is a running fit in the small end and also on the 
gudgeon pin and is pierced by fourteen 5 mm. holes in the 
same manner as that adopted upon the floating sleeves of 
commercial vehicle road wheels. Oil is supplied by a 
6 mm. pipe leading upwards frcm the big end bearing. 
The pipe is of soft mild steel, and attached to the web 
of tlie connecting rod by two riveted clips. Details of 
the connecting rods and floating gudgeon pin bush are 
shown in Figs. 7 and 8. 

Crankshaft 

The six throw crnnkshaft, which is of very massive de- 
sign, weighs 1.19.5 lbs., including the proi)eller boss. The 
cranks are set at 12U°, and the diameter of both the crank 
pins and journals is et mm. The length of the front 
journal bearing next to the propeller is 104 mm., and the 
length of all the other crankshaft bearings is 61 mm. The 
thickness and the widtii of the crank webs increases 
towards the front end of the crankshaft, so that tlie thick- 
ness of the front web is 29 mm,, that of the second 28 mm., 
whilst the remainder are all 27 mm. in thickness. 

The crankshaft is hollow, and the webs are drilled for 
the passage of oil from the journals to the crank pins for 
lubricating the big end bearings in the usual manner. The 
holes bored in the journals and crank pins for lightening 
purposes are of decreasing diameters, as follows: 



Fig. 14. Arrangement of camshaft vertical drive 



'Btnfered off at 45° on one side to allow of easy en- 
'Kement of the half compression cam, which is also 
'amfered at 45°. The gear is clearly illustrated in the 
'ttving of the rear end of the camshaft driving gear. 

Connecting Rods 

These are of normal design and consist of H section 
orgings. They measure 326 mm. between centers, and 
lie total weight of the complete connecting rod, including 
;lie small end bush, is 7 lbs. The weight of the big end 
Mmplete is 4 lbs. 14 ozs., and the weight of the small 
:nd 2 lbs. 2 ozs. The thickness of the center web of the 
H section is 2.5 mm., while that of the two flanges is 3.5 
um. The diameter of the big end bearings is 6)- mm. and 
:he length 80 mm. These are split in the usual manner 
ind held by four 12 mm. bolts. 

The distinctive feature of the connecting rods is the 
loafing gudgeon pin bush, the design of which is similar 
o that used on the 160 h.p. Mercedes. The bosh is of 




Fig. 15. Arrangement of air pump 
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Fig. 13. Arrangement of carburetor 

cranks and then expanded into an annular groove cut on 
the inside. 

To take the propeller thrust, a ball thrust washer 110 
mm. diameter is provided on the front end of the front 
journal bearing. It is mounted in a split cage, which is 
held in the housing of the crank case halves. The pro- 
peller boss is mounted on a taper on the crankshaft, and a 
single key, 120 mm. long and 13 mm. wide, is sunk in the 
crankshaft parallel to the taper. 

The front flange and the boss are arranged with six 
shallow castellations, each 29 mm. wide, and the propeller 
is clamped by six 18 mm. bolts on a 23U mm. diameter pitch 
circle. The propeller boss and the front flange are both 
locked on the shaft by the usual Mercedes locking device, 
as shown in the drawings of the boss. Fig. 9. 

Crank case 

The very clean design of the crankcase is evident from 
the illustrations, and, furthermore, it is of very light sec- 
tion considering the size of the engine, the average thick- 
ness of the walls of the casing being 6 mm. The top 
and bottom halves are bolted together in the usual way 
by twenty-six 10 ram. hollow bolts through the flange on 
the center level of the crankshaft. 

As already mentioned, the crankshaft main bearing 
caps are cast as part of the bottom half of the crank 
chamber, and the long 20 mm. bolts which secure the 
bearings caps at the bottom pass through the top half 
of the crankcase and act as the holding-down bolts for 



the cylinders, which are held in position by trianplar 
bridge clamps. The bottom ends of the cylinder barrels 
extend past the base flanges, registering into the top of 
the crankcase, and the holding-down bolts clamp each 
cylinder base flange at four points by the bridge pieces, 
or dogs, arranged between each pair of cylinders. 

Below the crank chamber at the rear end is situated 
the main oil sump, which contains the oil pump, and in 
the front end of the base chamber casting below the false 
bottom is an auxiliary service oil sump, into which the 
return oil from the circulation system drains through i 
wire gauze Alter. 

The central portion of the base chamber casting, be- 
tween the two sumps, forms an air chamber for the dual 
purpose of cooling the oil and warming the air supplied 
to the intake of the carburetor. Exterior air is led by 
two ventilating funnels on each side of the crankcase 
into two oval ports in the base chamber casting, and a 
number of fins are cast on the underside of the false 
bottom inside the base chamber for cooling purposes. 

The air intake to the carburetor is 4 in. in diameter, 
and it is cast in the left-hand side of the crank chamber 
and base, as shown in the general arrangement drawings of 
the engine. Cooling fins are also cast on the underside of 
the sump, and four breathers are fitted into the top hall 
of the crank chamber between the webs of the main bear- 
ing housings. 

Lubrication 

Although the general lubrication system of the engine 
is arranged on normal principles, it appears advisable 
to deal with the various details of the somewhat compli- 
cated plunger type oil pump, and to describe their dilTer- 
ent functions in relation to the method of lubricating the 
various parts of the engine. The system may be sub- 
divided into three circuits: 

(a) The main pressure circuit, in which oil is drian 
from the main oil sump at the rear of the engine and 
forced to the crankshaft, connecting rods, camshaft heal- 
ings, etc. 

(b) The supplementary pressure system that works in 
conjunction with the main high pressure system, in which 
two auxiliary plungers of the main oil pump draw a small 
charge of fresh oil from the service oil tank at every 
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ce^ and thus keep the main circulation supplied with 
rtain quantity of fresh oil. 

r) A suction scavenging circuit, which supplies the 
1 oil sump from the auxiliary drain sump at the front 
he base chamber, the working oil level being main- 
ed in the rear sump by a secondary suction pump 
draws off the oil above the oil level through an over- 
pipe and returns it to the service oil tank. 

The Oil Pump 

wo main plungers for suction and delivery are em- 
'ed, while three auxiliary plungers are suspended from 
of the main pump plungers; these work in conjunction 
I piston valve plungers at the sides of the main pump, 
ach pump and valve plunger is operated by an eccen- 

and the eccentric spindle is arranged transversely to 
engine crankshaft; it is driven by worm gear from a 
haft at a 17 to 1 ratio to engine speed. The lay shaft 
riven by bevel gearing from the vertical driving-shaft 
lie water pump, this being in turn driven from the main 
;1 gear pinion on the rear end of the crankshaft, as 
vn in the general arrangement drawing of the engine, 

11. 

he functioning of the oil pump will perhaps best be 
ped by reference to the diagrammatic section (Fig. 

and, considering first the main pressure system of 
ication to the main bearings, its action is as follows: 
is drawn from the main sump through the wire gauze 
r in the bottom of the oil pump body by the suction 
be main plunger pump A through the port B (which 
it in the bottom of the pump barrel), in conjunction 

the piston valve C, when the latter is in the open 
tion with the port B. 

1 the downward stroke of the main plunger A the oil 
reed through the port B and the annular space above 
3iston valve C, through the main delivery pipe D, to 
nain bearings, when the piston valve C has uncovered 
>ort B on its downward stroke. 

multaneously, and in conjunction with the main 
ger A, the auxiliary plunger E, which is fitted to the 
»m of the plunger A, draws a charge of fresh oil on its 
ird stroke. This charge is taken through a port in 
>ottom end of the valve plunger from the oil service 
f through the pipe G, and on the downward stroke 
le plunger pump E; the charge of oil is forced up- 
Is through the hollow valve plunger, through the port 
nd through a hole in the stem of the plunger, which 
Qunicates with the main oil delivery pipe D, to the 

bearings. At the same time, and in the same se- 
ce, the twin plunger EI draws fresh oil from the 
ce tank, and forces the charge to the camshaft bear- 
through the pipe J, the oil entering the front end of 
lamshaft through the hollow spindle of the air pump, 
h is attached to the front end of the camshaft casing, 
s passage through the hollow camshaft the oil under 
jure is fed through small holes and oil grooves cut in 

of the camshaft bearings. 

le camshaft rocker arm spindles are lubricated by 
irown off the revolving cams, which deliver oil into 
loles drilled side by side in the upper portion of the 
w rocker arm spindles. These holes communicate 



with the bearings by small holes drilled radially in the 
spindle. The lubrication of the rocker arm does not ap- 
pear to have been very efficiently carried out, as it was 
noticed that one or more of the spindles had com- 
menced to seize in the cast iron bracket in the camshaft 
casing. 

No outlet holes are provided in the rear end of the 
camshaft for the egress of oil; consequently the camshaft 
is entirely under a constant oil pressure, which finds its 
way through the bearings into the troughs in the bottom 
of the camshaft housing. The overflow oil returns to the 
crankcase via the air pump, escaping therefrom at the 
bottom of the air pump crankcase by a 12 mm. pipe run- 
ning down to the front end of the engine. At the rear end 
of the camshaft casing oil escapes down the hollow ver- 
tical shaft, oil channels being cut in the underside of 
each of the camshaft bearing bushes for the purposes. 

The oil that has thus returned by gravity to the crank- 
case is led into the oil sump at the rear through two holes 
30 mm. diameter, drilled in the false bottom of the base, 
and at the forward end of the crank chamber the oil 
flows into the front auxiliary sump through a wire gauze 
filter already referred to. 

From the front, or auxiliary sump the oil is drawn by 
the "scavenger** pump K, Fig. 12, through the port L 
(cut in the bottom of the barrel), the piston valve M 
being in its upward position. The oil therefore enters the 
pump through the large suction pipe X, and is discharged 
on the downward stroke of the pump plunger K into the 
sump through the port P, drilled in the side of the piston 
valve barrel. 

To maintain the correct working oil level in the sump, 
a third plunger R, also attached to the bottom of the 
main plunger pump A, draws off, through the bent-over 
suction pipe S, any surplus oil above the working level 
in the sump, and returns it to the oil service tank through 
the pipe T, on the downward stroke of the plunger R, 
this plunger working in conjunction with the piston valve 
V, which is flexibly attached to the bottom of the suc- 
tion pump K, in a slot cut in the face of the pump. In 
the main pressure delivery pipe to the crankshaft bear- 
ings, and directly above the oil pump, the pulsation 
damper valve is located. The details of this valve are 
shown in Fig. 10, while its exact position may be seen by 
reference to the general arrangement drawing of the en- 
gine, Fig. 1 1 . 

In operation the pulsations of the oil pump plungers are 
damped out in the delivery pipe by the cushioning effect of 
the spring-loaded plunger, which communicates direct with 
the pump on its underside. The bottom face of the 
plunger is prevented from reaching the bottom of the 
barrel by a small set-screw in the base. 

The lubrication of the crankshaft and connecting rod 
bearings is on standard lines, and has already been re- 
ferred to ; details of this are shown in the general arrange- 
ment of the engine. 

Carburetor and Induction System 

Notwithstanding the large size of the engine only one 
carburetor is employed, and, as will be seen from the 
illustrations, this is situated low down at the rear end 
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Fig A. General arrangement of oil pump 



of the crankcase. Below tlie float chamber a gasoline 
filter chamber is attached, the gasoline entering through a 
gauze cylindrical filter tube that is screwed into the top 
of the filter chamber, as shown in Fig. 13. Gasoline en- 
ters the bottom of the float chamber, which is of the or- 
dinary balanced needle valve type. 

The main jet, which is a plain tube having an orifice 
of 2.3 ram. diameter, is situated in the center of the intake 
inside the choke tube. The choke tube is 32 mm. diameter 
at the waist and 5i mm. diameter at the largest diameter 
top and bottom. A barrel type of throttle valve is 
arranged, 80 mm. in diameter, and mounted on the ball 
bearings at each end. The races are 35 mm. in diameter, 
and are located in recesses turned in the end covers of 
the gunmetal throttle valve liner, wliich is pressed into 
the cast aluminum body of the carburetor. The semi- 
elliptical ports in the throttle valve are 80 mm. long by 
SO mm. wide at the bottom side and 80 mm. by 55 mm. 
at the top. 

The pilot jet, which is the same length as the main jet. 
is .9 mm. bore at the orifice, and is situated at the side of 
the intake passage. It communicates with an annular 
groove machined around the outer end of the throttle valve 
liner in the body of the carburetor. From this annular 
channel a passage communicates with the induction pipe 
just above the throttle valve, which when closed, draws air 
through a V slot cut in the barrel of the throttle. 

A conical suction valve supplies extra air automatically 
at all speeds through eight holes, 1 1 mm. diameter, drilled 
in the annular seating which surrounds the base of the 
choke tube. The air to the carburetor, as already men- 
tioned, is taken through the interior of the base chamber; 
the diameter of the air intake passage is 100 mm., and it 
extends inside the crank case to the center of the engine. 

The throttle valve is water jacketed hy pi|jes leading 
from the main water circulation pipe to water spaces cast 
in the bodv of the carburetor around the throttle valve. 



100 mm. towards the engine, where it takes a right-angl^ 
bend. It is lagged with asbestos cord up to this point. 

The design of the top portion of the induction pipe is 
interesting, the gas being led to the center of the engine 
by the 100 mm. pipe, whence it enters two branches 70 
mm. diameter, through a port 100 mm. diameter. Tbe 
two branches lead outwards to the inlet ports, three on 
either side of the main entry. One-half of the branch 
is enclosed by the main induction pipe. The cyhnder 
ports are 85 mm. long and 50 mm. wide. 

Ignition 

Two Bosch magnetos, type Z.H.6, are mounted trsns- 
versely to the crankshaft upon a bracket at the rear end 
of the crankcase, one being a starter magneto used in con- 
junction with a hand starter dynamo. The magnetos are 
driven by bevel gears directly oft the vertical camshaft 
driving spindle, tbe direction of rotation of both being 
anti-clockwise. The arrangement of the magneto driving 
gear is shown in Fig. I !■. 

All twelve spark plugs are fitted on the inlet side of 
the engine, and are situated directly below the inlet \t\tts, 
the high-tension wire being carried in two fiber tuba 
attached to the side of the cylinders on the inlet side. 

Air Pump 

Fig. }5 shows details of the air pump, which is driven 
off the front end of the camshaft; the bore is 26 mm. and 
the stroke 27 mm. An adjusting screw is fitted above Ibe 
release valve for regulating the strength of the spring, 
the released pressure being taken through the hollow sten 
of the adjusting screw. An oil trap is provided just be- 
low tlie pump to retain any surplus oil which may find 
its way past the air pump valve and into the pressure pipe- 
An electrical tachometer is driven through a flerible 
driving cable at engine speed off the rear end of the c»m- 
shaft. 
Induction Pipe Water Pump 

The diameter of the induction pipe at the joint where The water pump spindle is driven by a vertical shall 

it meets carburetor is 70 mm., this diameter increasing to through a bevel gear 



;nd of the crankshaft, an^ 
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through cylinder and crsnk c 



le same vertical axis as tlie camsliaft driving spindle. 

pump is attached by a flange to the bottom of tlie 
p, next to the oil pump. Fig, 16 shows the construc- 
il details of the pump, which is of the centrifugal 
r, the water entering below the bottom flanged cover 
ugh a i5 mm. diameter port below the rotor. The 
:r is delivered centrifugally from the vanes between 
top and bottom discs of the rotor, which is also fitted 
I vanes upon its top side to throw the water away from 

spindle. No packing glands are provided for the 
ing spindle, but a hardened steel washer is set into a 
ss machined in the upper face of the rotor, and this is 
: in uniform contact with the face of the phosphor 
ize spindle bush by the action of a light spring that is 
d under a ball thrust race at the driving end of the 
die. The diameter of the outlet passages from the 
:r pump to the cylinder is t5 mm. Double inlet water 
lections between eacli of the six cylinders supply the 
rr jackets at tlic top and bottom, tlie diameter of the 
1 circulation pipes being 40 mm. 

Engine Data 
tier and nrrangenient of cy- 



Stroke/Bore ratio 1.135 : 1. 

Stroke volume of one cylinder Sfiii) cu. cm., 330.%3 cu. in. 

Total stroke volume of engine ...21,7^0 cu. cm^ 1,334.92 cu. in. 

Area of one piston 301.063 sq. cm. 31.164 sq. in. 

Total piston area of engine 1,306.373 sq. cm., 1B6.984 sq. 

in. 
Clearance volume of one cylinder. 930 cu. cdIt 56.12 cu. In. 

Compression ratio 4.94 ; 1. 

Norma) b.h.p. and speed 352 at 1,400. 

Pislon speed 1,853 ft. per min. at 1,400. 

1,775 ft. per mIn. at 1,500. 
Brake menn effective pressure ...107.5 lbs. per sq. In. 
Cu. in. of stroke volume per b.h.p.. 5.35. 
Sq. in. of piston area per b.h.p... .0.74. 
H.p. per cu. ft. of stroke volume. .S2S.H h-p. 
H.p. per sq. ft. of piston area .... 194.6. 

Direction of rotntlon of crank ,\nti-cIock. 

Direction of rotntion of propeller. Anti-clock. 

Normal speed of propeller F..S. 

Lubrication system Forced feed to all bearings 

and camshaft. 
Oil temperature recommended ... Not above 60° C. 

Oil consumption per hour fl.I35 pints. 

Oil ronsiiinption per b.h.p. hour ...033 pints. 

Specific gravity of oil .9. 

Type of carburetor 1 twin jet Mercedes. 

Mixture control .Automatic. 

Fuel consumption per hour 135 pints. 

Fuel consumption per b.h.p. hour..6as pints. 

Specific gravity of fuel 730. 

Type of magnrlo 2 Z H 6. 

Firing sequence of engine Prop. 15 3 6 3 4. 

Nuniliering of cylinders Prop. I 3 3 4 5 6. 

Spec<l of magneto 1.5 E.S. 

Direction of rotation of magneto, 

fHcing driving end of armature. Anti-clock, 

Magneto timing 31° E. 

Inlet valve opens, degree on crank. 1° L. 
Inlet valve closes, degree on crHnk.4g° 3' L. 

Maximum lift of Inlet vnlve 10.135 mm. 

Diameter Inlet valve 53.35 mm. 

Area of inlet valve opening (3 

valves) :(5.12 sq, cm., 5.44 sq. In. 

Mean gas velocity through inlet 

valve 151.1 ft. per second. 

Clearance of Inlet tnp|)et .018 In. 

Exhaust valve opens, degrees on 

crank ,50.6° E. 

Exhaust valve rinses, dcfirees on 

crank 17.6" E. 

Maximum lift of exhaust valve ...10 mm. 

Diameter exhaust valve .J5.35 mm. 

Area of exhaust valve opening (3 

vulves) 34.70 sq. cm., 5.4 sq. In. 

Clearance of exhaust tappet OIB in. 

Speed of revolution counler drive. Camshaft speed. 
'Weight of engine complete with- 
out water, fuel or oil 9.T6 lbs. 

Weight per l>.h.p. without water, 

fuel or oil 3.71 lbs. 

Weight of exhaust manifold 36 IIjs. 

Weight of starting gear not hi- 

trgral with engine Xil, 

Weight of fuel per hour 13(i.H Ihs. 

Weight of oil per hour fl.14 lbs. 

Tolnl weight of fuel and oil per 

hour I15,!)4 lbs. 

Gross weight of engine in running 

order, less fuel nnd oil 1,()99 lbs. approx. 

Weight per b.h.j)., less fuel and 

oil 4,36 Ihs. 

Gross weight of engine in running 

order, with fuel and oil for six 

hours 3,07.' lbs. 

Weight per b.h.p. with fuel and oil 

fur six hours fi.S lbs. 

Period of induction 238°. 

Period of exhaust 347°. 

Half compression cam opens ex- 

hrtust cam 13° A,B.C. 

Half compression cam closes ex- 
haust emu 44° B.T.C. 

Diameter of induction pipe branch.75 mm. 
Diameter of induction pipe main. .100 mm. 
Diameter of choke tube 33 mm. 
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Length of connecting rod between 
centers 326 mm. 

Diameter of crank pin 04. mm. 

Length of crank pin bearing 80 mm. 

Diameter of journals 64 mm. 

Length of Journal bearings 64 nnn. 

Length of front journal bearing.. 104 mm. 

Connecting rod side clearance 

(total) in piston 2.23 mm. 

Total capacity of each gasoline 
tank 95 gals. 

Total capacity of each oil tank...7.:25 gals. 

Total capacity of water in system. 6.5 gals. 

Weight of complete cylinder with 
valves and springs ". 34.25 lbs. 

Weight of complete piston with 

rings and gudgeon pin 10.725 lbs. 

Total weight of complete connect- 
ing rod with gudgeon pin bush. .7 lbs. 



Weight of connecting rod, big- 
end, complete 4 lbs., 14 oz. 

Weight of connecting rod, small- 
end, with bush 2 lbs., 2 oz. 

Weight complete valve with spring 
washer and nut (inlet and ex- 
haust) 759 lbs. 

Weight of valve rocker complete. .1.246 lbs. 

Total weight of engine with water, 

including radiator, etc 1,099 lbs. approx. 

Weight of crankshaft with pro- 
peUer boss 139.5 lbs. 

Diameter of piston at top 159.258 mm. 

Diameter of piston at bottom 159.715 mm. 

Width of rings 5 mm. 

Width of gap in rings in cylinder. 16/1000 mm. 

Diameter of water pump inlet 44 mm. 

Diameter of water pump outlet ..44 mm. 
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parts. Tlie transverse webs which form the main bear- 
ing housings are of box formation. The main flanges of 
the top and bottom halves are exceptionally well bolted 
together, the bolts set well back from the edges, and the 
ribbing and radii throughout the crankcase are excellent. 
The crankshaft main bearings are held between the halves 
of the crankcase — i.e., the bottom halves of the journal 
bearing housings are cast integrally with the bottom half 
of the crankchamber. 

Two duplex ■' Fiat " carburetors, each having two float 
chambers, are fitted between the two sets of cylinders 
and feed respectively the six front cylinders and the six 
rear cylinders. The apertures of the main jets are vari- 
able for the purpose of altitude control. 

The induction manifolds are large and well designed, 
and each is provided with a large priming cup, which is 
fitted with small copper priming pipes inside the induc- 
tion manifold, leading to each of the induction ports. 
Lubrication is exactly the same as that used on the 300 
h.p. six cylinder engines. 

Ignition is by four six cylinder Dixie magnetos, situated 
transversely in pairs at each end of the crank chamber. 
The magnetos are driven by bevel gears mounted on the 
extremities of a longitudinal shaft which works inside the 
tubular layshaft, which drives the camshaft inclined 
shaft. This lay shaft, as shown in the general arrange- 
ment of the engine, is situated in the center of the top 
portion of the crank chamber. Four sparking plugs per 
cylinder are fitted. 



Starting Gear 

A compressed air starting gear is fitted. The distrib- 
utors are of the rotary disc type, and are arranged in the 
center of each of the casings of the two inclined shafts. 

Cooling 

The water circulation and cooling system are very well 
carried out. The water pump is situated directly beW 
the bottom of the crankcase, m the center between the 
two oil pumps. The water pump spindle is driven ver- 
tically by bevel gears from the two horizontal shafts whieli 
drive the oil pumps. Water is delivered to the cylinder 
water jackets upwards through two deliveries from tlie 
water pump by two copper delivery pipes, which pass 
through passages cast in the crankcase on each side of the 

Cylinders 

The general construction of the steel cylinders is sim- 
ilar to that of the 300 h.p. Fiat engines. The cylinder 
heads are integral with the cylinder barrels, which arc 
machined from steel forgings in the usual manner. The 
water jackets are of exceptional depth, extending alnwst 
to the bottom of the cylinder barrels, and are built up 
from die pressed sheet steel, acetylene welded at the joints. 
The four valve seatinga are machined in the cylinder 
heads, and the valve guide housings are welded into the 
valve pockets. The cylinder barrels extend 45 mm. into 
the crankcase below the base flanges, which are 10 mm- 
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less, and are, of course, integral with tlie har- 
ness is maeliined on Hie fate of tlie s|>igots. Each 
is bolted down to the crankcase independently by 
1 mm. studs, which are screwed into the machined 
the crank-chamber, and arc also secured by nuts, 
e locked by riveting over the threads of the studs 
slots cut in the heads of the locknuts. 
)ur valve guide buslies, which are made of phos- 
nze, are pressed in the usual way into the steel 
)led housings in the valve pockets. 
he inlet and the exhaust valve stems are water 
r recesses formed in the valve pockets. 

connections are provided both at the top and 
f each water jacket between each pair of cylin- 
1 the usual type of rubber ring joint is used to 

water joints. The water capacity of each cylin- 
;t is 4 pints. The weight of the cylinders, con- 
tlieir size, is exceptionally low, being 36.TS lbs. 
taking the weight of each cylinder, including the 
es witli their duplex springs and cages complete. 
It is il.a lbs. each. 



det 



Valves and Valve Oear 

and the exhaust valves, which work at i 



25° to the central axis of the cylinders, 
diameter across the heads — i.e., 71 mm., but 
I slight difference in the dimensions and weights 
ves, the exhaust valves being made a little thicker 
ier in the heads. The valve stems are all of 1-2 



mm. diameter, and all are 120 mm. in overall length. The 
etTective port diameter of all the valves is the same — i. e., 
66.5 mm., which gives a comparative gas velocity through 
the inlet valves of 236 ft. per sec., the maximum lift of 
inlet valves being 1 1 .9 mm. 

Mention has already been made of the unusual design 
of the duplex valve springs. Details of the interesting 
construction are as follows: For each pair of twin inlet 
or exhaust valves, two helical coil springs are provided; 
these are arranged concentrically one inside the other 
and are contained inside a steel cylindrical yoke or cage, 
and are quite separate from the valve stems. The inner 
springs are mounted un a central guide tube, and the base 
coils of each of the two springs are retained in a flange 
welded to the cylinder head between each pair of 
valves. 

The outer spring is retained by the spring yoke, while 
the inner spring is held in position by a collar, which 
floats on the guide tube, and is located in a recess formed 
in the top of the yoke. The valve spring yoke is coupled 
to its two valves by a pair of lugs which project from the 
base of the yoke, one on each side, and into which At the 
ends of the valve stems, which are held by the same type of 
split locking cone as is used in the valve collars of the 
'MO li.p. Fiat engines. The ends of the valve stems are 
turned with three grooves, on to which fit the halves of the 
split locking eone, which are held in position by a spring 
ring, the locking cones being sunk in the cupped holes 
in the lugs on the spring yokes. 
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Camshafts 

The two overhead camshafts are enclosed in cast gun 
metal cases, which are attached to the top of each cylinder 
by four studs screwed into the cylinder heads. Each 
camshaft runs in eight plain bearings cast in an aluminum 
alloy. The construction of these camshaft bearings (which 
follows the well-known Mercedes design) comprises two 
halves bolted together, and erected complete with the 
camshaft from the end of the camcase. 

The twin valve rockers are mounted on fixed rocker 
spindles, which are held in position by the four studs 
which are screwed into the cylinder heads for the pur- 
pose of holding down the camshaft cases. The fulcrums 
of the valve rocking levers are lined with phosphor bronze 
bushes, and are lubricated by four holes drilled in the 
lever. Hardened steel rollers of large diameter are 
fitted on the cam arms of the rockers. 

Some originality has been shown in the method of 
mounting the valve rocker arms, which is quite different 
from previous Fiat practice; the valve arms of the rock- 
ers work outside the cam boxes, and are provided with 
felt oil retaining washers, which fit into annular grooves 
machined in the cam boxes and their covers. 

Each camshaft case is constructed in two parts, and 
the camshafts are driven by bevel gears from the center 
instead of from the ends^ as is usual. This central cam- 
shaft drive is very neatly arranged. The construction is 
as follows: A tubular lay shaft running on ball bearings 
is mounted in the center of the crankcase in the top of 
the A. This shaft is driven from the rear end of the 
crankshaft by spur gearing, and, as shown in the general 
arrangement, it extends as far as the center of the engine. 
From this point two inclined shafts drive the camshafts 
through bevel gears at their top and bottom ends. The 
inclined shafts run in ball bearings, and are enclosed in 
cast gun metal cases, which are secured to the machined 
faces of the top half of the crankcase by six small studs. 

Pistons 

These are of aluminum alloy, and w^eigh slightly over 
6,5 lbs. each complete with rings, being half a pound 
lighter than the aluminum pistons used in the 300 h.p. 
Fiat engines. The heads are slightly domed, the thickness 
of the crown being approximately 15 mm. The crown is 
supported by twelve radial arched webs. 

Contrary to previous Fiat practice, the bosses are lined 
with plain phosphor bronze bushes, in which the ends of 
the gudgeon pins work. These bushes are machined all 
over, and are pressed into the holes bored in the piston 
bosses, being fixed in position with tapered grub screws. 
The gudgeon pins are 40 mm. diameter, and the bronze 
bushes are 47 mm. in length. Oil holes are drilled in the 
bosses and bushes for lubricating the gudgeon pins, which 
are fixed in the small ends of the connecting rods by 
means of a taper pin passing through the center of each. 

Four piston rings are provided, three compression rings 
being above the gudgeon pin and one scraper ring below 
at the base of the skirt. 

Oil return holes of 2 mm. diameter are drilled through 
the piston walls in the usual way. 

Eight 10 mm. iioles are drilled obliquely through the 



recessed part of each skirt for lubrication, and the piston 
walls are also drilled with eight 10 nmi. holes below the 
bottom compression ring. 

Connecting Rods and Gudgeon Pins 

The connecting rods are of " H *' section nickel chrome 
steel, and work in pairs on common cranks. The big end 
of one of each pair of rods is forked, while the other is 
a plain rod. The bottom ends of the forked rods are 
bridged, and the big end caps are fitted with four bolts, 
two bolts being fitted to the plain rods. The big end 
bolts are screwed into the ends of the rods, and are kept 
from turning loose by locking plates under the shouldered 
heads of the bolts. 

The forked rod grips the outside of the split big end 
bearing shell, while the plain rod works on the center por- 
tion of the shell, which is of phosphor bronze. 

The big end of the plain rod is lined with a hardened 
steel shell, which is made in two parts. This steel shell 
is prevented from turning by a steel grub screw in the 
rod, and four holes are drilled through the steel shell 
for lubrication. 

The float of the gudgeon pin is 7 mm. 

Crankshaft 

The weight of the crankshaft, with its double thrust 
and two ball race bearings, is 212 lbs., including the steel 
housings for the ball races. The diameters of the jour- 
nals and crank-pins are all 80 mm. The center journal 
is 92 mm. long, whilst the other journals all measure 57 
mm. long, and the length of all the crank pins is 90 mm. 

For the lubrication of the crankshaft and big end bear- 
ings the journals and crank pins are all bored with 40 
mm. diameter holes, the ends of which are plugged with 
brass caps; and the crank webs are drilled in the usual 
manner. 

The six plain journal bearings are split in the usual 
way, and are held together by the two parts of the cnuk- 
ch amber. 

Crankshaft Bearings 

The journal and big end bearing shells are machined 
with a recess to take the white metal lining, which is 
approximately 2 mm. in thickness and the recess is taken 
as far as the 5 mm. radius at each end of the bearings. 
A sectional arrangement of the front journal ball bear- 
ings and double thrust race is given in the sectional draw- 
ing of the propeller hub. The rear end of the front 
journal is 95 mm. in diameter, and is mounted on a large 
ball race, 170 mm. diameter^ while the front end of the 
crankshaft journal bearing is carried by a smaller ball 
race, 150 mm. diameter. Between the two load bearings 
two large double thrust ball races are provided. The 
central thrust ring, which is a push fit on the front journal, 
and takes the crankshaft thrust in both directions, is se- 
cured in position by a collar, which forms a distance piece 
between the thrust ring and the large rear ball race. The 
thrust ring is locked by a split steel collar^ which fits 
flush into a recess in the crankshaft journal, and is se- 
cured by a steel collar driven over the split locking collar 
as far as the flange. 
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the case thrust rings are provided with beveled 
aces^ which bed into the steel seating rings. The 
rearing assembly is contained in a cylindrical steel 
;, and the rear seating ring of the thrust race is 
1 into the rear end of the steel housing, thus pro- 
an effective method of adjustment for the thrust 

»'• 

steel housing for the front bearings is, of course, 
tween the two parts of the crankcase, and is located 
pegs. An oil thrower ring is fitted on the front 
the front journal. 

Propeller Hub 

propeller hub is mounted on the crankshaft exten- 
The diameter of the propeller hub bolts, ten in 
', is 20 mm. The front loose flange is fitted on 
istellations 5 mm. deep. The complete propeller 
ighs 59.5 lbs. 

iluminum cap is fitted on the front end of the pro- 
hub, and a special screwed plug is provided for 
rpose of withdrawing the propeller hub from the 
I extension of the crankshaft. This withdrawing 
in apparently be carried inside the hub. 

Crank-Chamber 

crank chamber is of cast aluminum in two sections. 

transverse webs which form the housings for the 
laft journal bearings are of box formation, and, 
ide walls of the top half are stiffened by ribs, both 
(ides and front and rear ends. The top and bottom 
of the crankchamber are well bolted together with 

number of 10 mm. bolts on the main joint flanges, 
e crankshaft bearings are also held by long bolts 
ito the lower half, which pass through the top half 
:rankcase, except in the case of the long center bear- 
lich is held by four long bolts, which are fixed into 
► half, and pass through the lower half of the base 
;r. All these crankcase main bolts are fitted into 
irilled in the crankcase between the double webs of 
nsverse boxwebs, and are secured by 18 mm. cas- 
I nuts. 

n bearer brackets are formed on each side of the 
[lamber, and the four magneto brackets are cast in 
it each end of the top h^lf. The bottom half of 
inkchamber is of ordinary design. 

Air Pumps 

air pumps are used; these are of the plunger type, 
i operated by the two camshafts, being situated be- 
the central pairs of cylinders. The method of driv- 
; air pumps is by worm gearing. The worms are 
ed on the center of eacli camshaft, situated behind 
'els, and the worm wheels are on the extensions of 
lall air pump crankshafts. The small air pump 

or cylinders are of steel and are provided with a 
• of very thin air cooling fins. The bore and stroke 
pumps is 40 mm. x M) mm. The delivery and air 
pressure valves are arranged in the heads of the 
jarrels, whicii are fixed in the halves of their small 
!tal crankchambers by a recess 20 mm. deep, which 
ed in the bottom extension of each pump barrel. 



Carburetors and Induction System 

Two duplex carburetors are fitted. These are similar 
in their general design to the 260 h.p. Fiat carburetors, 
and are situated in the V between the two rows of cylin- 
ders. Each carburetor unit feeds three cylinders through 
one of the four separate induction manifolds, which are of 
copper and are attached in pairs, one on each side of the 
double carburetors, by large rectangular flanged joints. 
The twin throttles of each duplex carburetor are intercon- 
nected and are operated through a small bevel gear 
mounted in the top flanged cap of the throttles, which work 
vertically above the variable main jets. 

The float chambers which are constructed so as to be 
readily detachable, are of normal design, and are situated 
on opposite sides of the carburetors, and diagonally to 
each other; the design of the variable main jets for alti- 
tude control, together with the arrangement of the easily 
detachable pilot jets, is precisely the same as that used on 
the 260 h.p. Fiat engines, the design of which, being well 
known, requires no further description. 

At the side of each float chamber is a small adjusting 
screw, fitted with a locking nut, and provided for regulat- 
ing the air supply to the pilot jets. 

An automatic ring type air valve is fitted in the posi- 
tion, surrounding the outside of each choke tube. 

Each pair of carburetors is enclosed in a cast aluminum 
water- jacketed body, which is connected to the cylinder 
water jackets and water pump in the usual way. The 
four float chambers are provided with overflow pipes 
screwed into channels drilled down the side of each float 
chamber. These overflows drain into large sheet alum- 
inum collecting trays fixed underneath each carburetor, 
and situated directly underneath the two air intakes; 
although each is fitted with a central pipe for carrying 
off the overflow petrol clear of the machine, the arrange- 
ment strikes one as being somewhat dangerous in the 
event of the engine firing back through the carburetors. 

The weight of each dual carburetor complete is 28 lbs., 
or 34.9 lbs. when complete with induction manifold. 

Induction Manifolds 

These are of rolled copper, with steel flanges brazed 
at the joints. A copper asbestos washer is fitted between 
each of the induction flanges and the cylinder inlet ports. 
A large priming cock is fitted to the center of each induc- 
tion manifold. These priming cups are fitted with three 
small copper pipes leading to each of the inlet ports, and 
attached to the inside of the induction pipes. 

Lubrication 

The general lubrication system and the design of the 
oil pumps is similar to that used on the SOO h.p. Fiat en- 
gines, the camshafts being lubricated by pressure. Three 
gear type oil pumps are employed — i. e.y two scavenger 
pumps and one pressure pump. The two scavenger pumps 
are fitted one at each end of the base chamber, which is 
flat bottomed. The pressure pump is situated directly 
underneath the rear scavenger pump, and is driven by the 
same vertical pump spindle; the pump body is part of 
^the same casting. It will be observed that all the oil 
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pump spindles run in ball bearings instead of plain, as in 
the 260 and 300 h.p. Fiat engines. Tlie two scavenger 
pumps are attached by studs to tlie machined faces on the 
bottom of the base chamber. 

As shown in the general arrangement drawing of the 
engine, the oil pumps are driven through bevel gears by a 
divided tubular lay shaft, which runs in ball bearings 
mounted in brackets cast in the bottom of the oil base. 

These shafts also drive the vertical spindle of the water 
pump by bevel gearing, as shown, and are driven through 
an intermediate spur gear, at twice engine speed from 
the main distribution gear on the rear end of the crank- 
shaft. 

It will be noticed that all the distribution gears and 
driving shafts are mounted on ball bearings, and the rear 
end bearing of the pump driving shaft as fitted with a 
combined thrust and load race as are the lower ball races 
on the oil pump spindles. 

From the main tank oil is fed by gravity to the oil 
pressure pump, which delivers oil into the main oil pipe. 
This oil main is of copper, cast into the left hand side 
(facing propeller) of the base chamber, and the crank- 
shaft journal bearings are lubricated by copper supply 
pipes from the main oil pipe. As already described, the 
crankshaft journals and crank-pins are bored and drilled 
in the usual way. The pistons and gudgeon pins are 
splash lubricated by the overflow oil from the cranks, no 
oil lead is provided from the connecting rod big ends to 
the gudgeon pins. 

A pressure relief valve is provided at the rear end of 
the main oil pipe. 

The aluminum bearings of the hollow camshafts are 
pressure lubricated by copper pipes leading from the rear 
end of the main oil pipe. Holes are provided in the lower 
parts of the camshaft bearings to give a free passage for 
the surplus oil to the sump, whicli is taken through four 
oil return pipes fixed into the bottom of each camshaft 
case between the cylinders. 

The two scavenger oil pumps, working either independ- 
ently or together, return the oil from the sump to the oil 
tank in the usual way, through a secondary return oil 
lead of copper, which is cast into the bottom of the base 
chamber, and is situated just above the oil pressure main 
leading to the journal bearings. Both these oil pipes are 
formed, as in the smaller Fiat engines, with U bends to 
allow for the differences of expansion when casting the 
oil base. 

Five breathers are provided in the top of the crank- 
chamber, and are fitted in top of the A between the two 
rows of cvlinders. 

The construction of these breathers is interesting, con- 
sisting of gauze-lined brass cages, in which are fitted small 
spring loaded capped plungers, whicli are provided with 
rectangular ports cut in the flanges of the plungers. 
These plungers uncover ports cut in the gauze lined cages 
of the breathers, and relieve the pressure of oil vapor 
in the crankchamber. 

Magnetos and Ignition 

Four Dixie (It^O type) magnetos are fitted, two at each 
end of the engine, and, as already stated, these are car- 



ried on brackets cast jn the ends of the upper half of the 
crankchamber. Each cylinder is fitted with four plugs, 
and the order of firing is as follows: 

Propeller 1, 9, 5, 11, 3, 7 
8, 4, 12, 6, 10, 2 

The magnetos are driven in pairs at 1.5 engine speed bv 
bevel gears at each end of the lay shaft in the top of the 
crankchamber, which is situated inside the tubular shaft 
driving the camshaft inclined driving shafts, already de- 
scribed. 

Magneto Synchronized-Advance Control 

Mechanism 

Both the driving bevel gears on the extremities of the 
lay shaft are mounted in combined load and thrust ball 
bearings, and each end of the lay shaft floats in four cas- 
tellations cut inside the bevel gears. A four start square 
thread screw is machined at the center of the lav shaft, 
which operates inside the bore of the bevel gear driving 
the two inclined camshaft driving spindles. 

At the rear end of the magneto driving lay shaft a two 
start square thread helix, working in a corresponding gun 
metal cage is attached to the rear end of the crank cham- 
ber. This screwed yoke is attached to the rear end of 
the magneto lay shaft by a double thrust race, as shown 
in the drawing, and the whole shaft is reciprocated by 
the action of the control lever, which, of course, is con- 
nected to a lever in the pilot's seat. This control im- 
parts a partial rotation of the driving layshaft, and a 
corresponding advanced or retarded drive in relation to 
the four magneto driving bevel gears on the ends of the 
magneto armatures. 

Engine Data 

Make of engine and rated h.p F. I. A. T. 775 h.p. 

Number and arrangement of cy- 
linders Twelve, Vce. 

Bore 170 mm. = 6.693 in. 

Stroke 210 mm. = 8.i68 In. 

Stroke/bore ratio 1.235 : . 1. 

Stroke volume of one cylinder i.766.6 cu. cm. = 290 cu. in. 

Total stroke volume of engine 57,200 cu. cm. =3,486 cu. in. 

Area of one piston -227 sq. cm. = 35.2 sq. in. 

Total piston area of engine* 2,724 sq. cm. =:422 sq. in. 

Clearance volume of one cylinder. 1,200 cu. cm. = 7353 cu. In. 

Compression ratio ^ 4.967 : 1. 

•Normal b,h.p. and speed 650 at 1,550 r.p.m. 

*Piston speed 2,150 ft. per min. 

* Brake mean effective pressure. 96 lbs. sq. In. 
*Cu. in. of stroke volume per 

*Sq. In. of piston area per b.h.p..65. 
*H.p. per cu. ft. of stroke vol- 
ume 320. 

*n.p. per sq. ft. of piston area. .222. 
Direction of rotation of crank. .. .Anti-clock. 
Direction of rotation of propeller. Anti-clock. 

Normal speed of propeller Engine speed. 

Ratio of gear reduction to pro- 
peller Direct drive. 

TS'pe of gear reduction to pro- 
peller Direct drive. 

Lubrication system Forced feed to crank and 

camshafts, splash to cylin- 
ders and gudgeon pin. 

T\pe of on rburetors Two F. I, A. T. duplex. ^ 

Mixture control Barrel tjrpc throttle and alti- 
tude compensator operated 
Independently by levers on 
carburetors. 
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The first type produced was the "V/lB" 180 h.p., 
which made its appearance in 1916. It is a vertical six 
cylinder overhead valve engine of 130 mm. bore and 
ISO mm. stroke. (See Fig. 1.) The total piston dis- 
placement is 874.74 cubic inches. 

The normal power is ISO b.h.p. at 1,350 i-.p.m. 

Cylinders 

The cylinders are of a rather unusual type. Their 
construction and general appearance are clearly shown 
in the accompanying set of photographs. They are cast 
in pairs of semi-steel with integral heads, valve ports 
and valve seats. 

The outer wall of the cylinder water jacket is not a 
part of the casting, but it is made up of light sheet steel, 
bent around each pair of cylinders and fastened in place 
with small round- head machine screws. 

The more important dimensions of the cylinders are : 



Bore .. 
Stroke 



.ISO 11 



Piston displacements each cylinder 143.79 cubic inches 
Total volume: '* " 1S3.87 " 

Clearance volume: " '* 37.08 

Compression ratio: 1. to 4.932 

No. of valves per cylinder 2 

Valves 

The valves are of the poppet type, two to each cjlindw, 
located in the cylinder head, the stems inclined at an 
angle of 30° with the vertical. They are machined from 
tungsten steel. Only one spring is used for pair of 
adjacent valves, a system which was adopted to allow 
short valve stems and thereby gain compactness. 

The arrangement is well illustrated by Fig. 3. The 
single coil valve spring is placed midway between the two 
valves and is fitted over a dummy valve stem sliding od a 
guide fastened to the cylinder. A small steel collar ii 
secured around the end of each valve stem and both the 
collar and stem are slotted out to receive the end of a hgbt 
steel lever. 
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This lever is pilated at its center in a fork on the upper 
pring disc, while its extremity ends extend into the slots 
f the ralve stems on either side. The valves are operated 
J an overhead camsliaft enclosed in a cast aluminum and 
ive four concentric cast iron rings. Three of these are 
laced above the piston pin while one is located near the 
>ttom of the skirt to act as an oil scraper. 

Connecting Rods 

The chrome-nickel steel connecting-rods are of tubular 
ction. The wrist pin bearings are bronze bushed, while 
e big-end bearings have a bronzed bushing lined with 
ibbitt metal. 

Crankshaft and Crankcase 

The crankshaft is an integral forging of chrome-nickel 
eel of the four bearing type. The crankcase consists 

* two aluminum castings bolted together along the line 

* the main bearings in the usual i 



Lubrication 

The lubrication system is of the full forced feed, dry 
UDp type. Three spur gear oil pumps are provided in a 
uing; one of these pumps draws oil from the outside tank 
id forces it through pipes to the main bearings. 



Holes in the main journals allow part of this oil to 
enter the bore of the crankshaft from which it is dis- 
tributed through holes in the crank, to the crank bearings. 
From the crank bearings a supply is led to the wrist pins 
through suitable ducts. 

The same pump also forces oil up through a vertical 
pipe at the propeller end to the camshaft bearings through 
small holes. The excess oil runs into camshaft housing, 
lubricating the bevel gear drives on the way. 

The used oil, both from the bearings and camshaft sup- 
ply system falls into the lower half of the crankcase and 
collects at its lowest point. Here it passes through a 
strainer and is drawn out and forced through the cooler 
into the oil tank by the two remaining pumps. The motor 
is provided with two single-throat Zenith carburetors each 
feeding three cylinders. 

Ignition 

Ignition current is supplied by two Marelli magnetos 
located at the rear end of the engine with their axis at 
right angles to the plane of the crankshaft. Each mag- 
neto is supplied an independent set of spark plugs, there 
being two plugs in each cylinder. 

The fuel consumption is of 229 gr. per h.p. hour. 

The oil consumption is 15 gr. per h.p. hour. 
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THE 3»o H.P. LANCIA 



A 320 h.p, aero engine the product of the well-known 
makers of the Lancia automobile, has just made its ap- 
pearance in this country. One of the Lancia aeroplane 
engines has been shipped to Thomas Evarts Adams, Inc., 
representative in America of the Lancia Company of 
Turin, Italy. 

General 

There are twelve steel cylinders arranged on an 
aluminum crankcase at a HO" V. bore, 130 mm. (about 
i% inches) ; stroke, 180 mm. (about 7 3/32 indies) ; cylin- 
der di.'i placement about 1,490 cu. in. The normal brake 
horsepower is 320 at 1,380 revolutions per minute. 
Weight, complete, 7^0 pounds; about 2,31 pounds per 
b.h.p. Piston speed, 1,630 ft. per minute; brake mean 
elTective pressure, 122 lbs. per aq. in. The company 
also makes an " oversize " motor of the same type with 
slightly larger pistons and valves wliicli develops 380 li.p. 
at 1,420 r.p.m. 

Cylinders 

The cylinders are of steel, machined both inside and 
out, attached to the crankcase by bolts passing through 
the holding-down flange which is screwed and welded at 
the base of each cylinder. The cylinders project into the 
crankcase beyond the holding-down flanges for a distance 
of iM inches. 

Each cylinder unit consists of a steel cylinder and steel 
head, surrounded by a pressed steel water jacket wbicii is 
welded on a short distance above the crankcase. A water 
cooling space of ..1 cm. (about 'Hfl inch) is provided around 



the cylinders. A water circulation is also provided arounj 
the valves. 

Intake and exhaust valves are located overhead, on? 
of each to a cylinder, all operated by a single camshaft 
Tliey are set side-by-side at right angles to the cenlerline 
of the cylinder. Eshaust goses are led throu^i a short 
manifold at the top of the cylinder. 

Camshaft 

The camshaft is hollow, carried in a compartment set 
above the center of the engine. The housing for the 
rocker arms is readily detachable from the crankcase, 
interchangeable in three sections. 

The 24 rock levers are of channelled steel, each ';» 
inches long, upper ends provided with set screws and sel 
locks to allow for adjustment, central hollow spindk^ 
carrying each group of 8 rockers. The roller at [he 
lower end of tlie rocker (which comes in contact witli 
the cam) is sVi inches below the spindle. 

Each valve is closed by coiled volute spring surround- 
ing the valve stem. 

Pistons 

Pistons are of east aluminum, with rei^nforcing webs 
provided on the interior wall and lightening holes »t tl"' 
bottom of the skirt. There are three piston rings above 
the wrist pin and one below it. 

Connecting-rods are drop forgings of the usual I sec- 
tion, tapering toward the top. Lower bearing is io two 
parts, held with a pair of bolts, to facilitate clamping 
around the crankshaft. 
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by rods running to a master regulating arm. The car- 
buretor inlets are situated an the outside of the V. Air 
is drawn into the carburetors througli funnels with fine 
gause-covered openings. The water piping is carried in 
a section of the intake manifold, as a means of heating 
the mixture. 

Ignition 



Two Dixie 12-cylinder magnetos 
integral with the crankcase at the 
They are driven from the cam gea 
spiral gears and a cross shaft, Ei 
an automatic adv. 
mjtting quick 
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e set on bases cast 
car of the engine, 
through a pair of 
h is provided with 
and driven through a coupling per- 
~ 6-cylinder magnetos 



istributor may be used in place of the 12-cylinder mag- 
netos; or a magneto and battery system. 

Each cylinder is provided with two Lodge spark plugs, 
located on the outside of the V, opposite and in line with 
the inlet and exhaust valves. Their firing order is as 
follows: beginning at the propeller end — "gbt cylin- 
ders, 7. II, 3, 9, 5, J; beginning at the propeller end — 
left cylinders, 2, 6, ]0, 4, 12, 8. 

Consumption and Weight Comparison of Typical 
loo H.P. Engines 

The weights of the water-cooled engines include the 
necessary radiator and cooling water. Radiator weight ^ 
0.75 lb. per b.h.p. Cooling water weight = 0.3-0.3 lb. 
per b.h.p. 



Cranic shaft 

The six-throw type crankshaft is of chrome nickel steel 
carried on five bearings. The propeller thrust is taken 
"Up by a set of self-aligning ball bearings at the propeller 
end of the crankshaft. 

At each throw of the crankshaft, two connecting-rods 
.are attached, one behind the other, causing the cylinders 
on one side of the V to be slightly behind those on the 
other side. The two opposing connecting-rods are set 
off center on each throw of the crankshaft. 

The crankshaft is hollow and holes are provided 
through which the lubricating oil is fed at high pressure 
to the bearings. 

Lubrication 

A double independent oiling system is used with two 
impelling gear pumps at the magneto end. The catcli- 
drain in the bottom of the crankcase is designed to insure 
a constant supply of oil to the pump at all possible 
flying angles. The lubrication system is exactly similar 
to that used in the Lancia automobile. 



Carburet ion 

Four Claudel-Lancia carburetors are used, two on each 
side of the engine, cacii serving three of the cylinders. 
Each carburetor has a barrel type throttle valve and 
gasoline control. Controls are synchronously operated 
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If the weight of all parts is not known Ulting £ as the 
weight of the engine in lbs., allow : Rotary engine mount- 
ing^H E; Stationary engine mountings 1/12 E; 
rotary engine cowling = 2 V £; stationary engine mount- 
ing = V~£7 propellers — 2.3 £. Tanks = Mi wt. of 
contents. Gasoline = 7.2 lbs. per gal. Oil = 10 lbs. 
per gal. 



During the year of ]916 the Spa Compniiy, a noted 
automobile concern, put out its 6/A Aero Motor, making its 
appearance at the front in 1917 on one of the fastest and 
most powerful pursuit machines: the S.V.A. type. 

The Spa aeroplane engine 6/A model lias six vertical 
steel cylinders welded together in pairs and is water 
cooled. The cylinders have 135 mm. bore and 179 mm. 
stroke and develop 320 h.p. at 1,600 r.p.m. 

The weight of the engine (without water, oil and con- 
necting pipes) is of 240 kilos. 

The direction of rotation, looking from the propeller 
end of the engine, is anticlockwise. 

Cylinders 

The cylinders are of special stamped steel with a sheet 
steel water jacket joining together two cylinders. Each 
cylinder has one inlet and one exhaust valve. The valve 
Beats are machined on the cylinder head. The valve ports 
have threaded ends to which inlet and exhaust pipes are 
attached. Each cylinder has two spark plugs on oppo- 
site sides in order to have two distinct and simultaneou.s 



ignitions. A compression cock is fitted to each cylinder. 
The circulating water passes through each pair of 
cylinders, 

Crankcase 
The crankcase is made of aluminum. On the upper 
half of it are fixed the cylinders and on the lower part 
(which is joined to the upper one by means of special 
bolts) is Hxed tiie crankshaft and all the lubricating pipes. 
At the bottom of the engine's casting there is an oil sump 
from which the oil is sucked by the pump. To the front 
cover of the engine casing are fitted all the parts operating 
the vertical shaft, the water pump, magnetos, oil pump 
and starting handle. 

Crankshaft 

The crankshaft is of special stamped steel with cranks 
at 120° and completely balanced. The four main 
journals are fitted with antifriction metal. The crank- 
shaft has a conical end for the propeller hub and a thrust 
bearing Is fitted at the front end. The distributing gear- 
ing is of the bevel type. 
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The crankshaft is bored tlirougli for the oil lubrication 
which feeds, from the main journals all the big end 
bearings. 

Connecting Rods 

The connecting-rods are of stamped steel I section. 

Pistons 

The pistons are of special aluminum and have two piston 
rings at the top and another at the bottom. The gudgeon 
pin is fixed to them by means of a screw and split pin. 

Valves 
The valves are operated by an overhead camshaft and 
rocker arm train, driven by bevel gears. The camshaft is 
bored through and the oil is forecd through it. The oil 
from the camshaft is delivered to the bearings and cams 
and from there, through the tube surrounding the vertical 
shaft, it drains to the bottom of engine casing. The cam- 
shaft operates the valve by means of rocking levers fitted 
witli rollers and adjustable tappets. The rollers .ind 
tappets are lubricated by the oil that circulates through 
the camshaft. Tlic valves have the usual spring and 
spring phites and are fitted with a special device to keep 
them in their place if the springs chance to break. 



The water cooling is effected by means of a centrifugal 
pump which taking up the water from the radiators forces 
it tJirough the cylinders and back to the radiators again. 
Tile pump is operated by a couple of bevel gears from 
the vertical shaft and is fixed to the front casing cover. 
The lubrication is effected internally by the circulating oil 
and evternally by a special greaser. 

Lubrication 

The oil circulation is effected by means of a double 
geared pump the Jirst part of which draws the fresh oil 
from the oil tank and forces it through all the parts of tin- 
engine, while the second part draws the oil from the suriiii 
at tlic bottom of crank casing and forces it to the oil tank. 
This pump is fiiced to the front engine cover and is fitted 
with a safety valve. 

Carburetor 

The engine has a double carburetor of the Spa-Zenith 
model 18 D.F. operated by a single lever. Each car- 
buretor feeds three cylinders; the inlet pipes are water 
heated. 

Ignition 

The ignition is effected by means of two high tension 
Marelli magnetos of the E.M. 6 model fitted to the front 
part of the engine casing. They are operated by the stmt 
bevel gears which operate the water pump. They have 
the same direction of rotation and each of them is con- 
nected with two sets of sparking plugs so that in each 
cylinder there are two sparks effected by two independent 
magnetos. The advance and retard device is operated by 
a single lever. 

Air Pump 

On the upper part of the camshaft case is fitted a small 
air pump to supply pressure for the petrol tank. 
The fuel consumption is of 210 gr. per h.p, hour. 
The oil consumption is of 12 gr. per h.p. hour. 



"6 3/A" Spa Motor 

A short time ago the Spa Company began the prO" 
duction of their " 6 2/A" type which is an improvemenl 
on the " 6/A " type. 

The bore is slightly enlarged to 110 mm. and has higl)^' 
compression obtaining better results. 

The characteristics of this motor are: 

Bore liO mm. 5h in. 

Stroke 170 mm. 6% in. 

Normal velocity 1,650 r.p.m. develops 275 h.p. 

Maximum velocity ],8.W r.p.m. develops SIO h.p. 

Consumption of fuel: 200 gr. per h.p. at hour .48 11^- 
per h.p. hour. 

Consumption of oil: 12 gr. per h.p. at hour .0261 ibs. 
per h.p. hour. Weight of engine: 260 kg. or 572 lbs. 
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rectilinear scales as Fig. 4, which can be constructed 
whenever the formula can be written: 

a + b + c = o (2) 

If the formula is already in this form ordinary regular 
scales can be used, but if it is in the form 

aXb = c (3) 

it will be necessary to use logarithmic scales, as, by taking 
logs., this can be written: 

log. d -f- log- b — log- c = o (4) 

Type B. — In this nomogram there are two parallel 
rectilinear scales and another rectilinear scale inclined to 
these two. 

If the formula is written in the form a -|- bc = o. .(5) 
this type can be constructed. 

It will be seen that by taking logs, this type can be 
generally converted into Type A. 

Type C. — In this nomogram there are two parallel 
rectilinear scales and one curvilinear scale. 

This type can be constructed when the formula can be 
written : 

aCi + bco + cc=o (6) 

where c„ Cg, and c are functions of the third variable c. 

The plotting of these diagrams is really quite a simple 
matter after a little practice. 

Although the relative positions of the lines and the 
scales to be used are capable of being calculated, it in- 
volves a complete knowledge of the theory on which the 
diagrams are based, and it is generally unnecessary to go 
to this trouble. 

The method which can be used in most cases may be 
described brieflv as follows: 

In the first instance, settle the range it is desired to 
indicate on each scale, and, after drawing two parallel 
Hnes, say some six inches apart, on a piece of paper, mark 
roughly thereon a few points of the scale suggested. This 
can be done with the scale of a slide rule as a guide, if a 
logarithmic scale is to be used, or with an ordinary scale in 
the case of a regular scale. 

Assume values of the first two variables, i.e., those 
sealed on the two outer lines aforesaid, and obtain a value 
for the third variable by calculation ; with this value and a 
second value for the first variable obtain a second value 
of the second variable; to fulfil the conditions of the 
diagram these values lie on two straight lines, joining 
points on the two outer parallel lines and crossing at the 
common value on the central line. One point on the cen- 
tral line and its value is therefore determined. Repeat 
this process at the other end of the diagram, and the 
result will be that two points will be fixed giving the posi- 
tion of the central line and its scale; this line can be 
therefore drawn and the scale added to it. 

Reference to Fig. 5 will make this quite clear; in this, 
the line ' a ' is graduated to suit the first variable, and the 
line * b ' to suit the second variable, these being the two 
outer scales. With values a^ and b^ a value c^ is deter- 
mined, then with values a^ and Ci the value bo is found; 
these can then be plotted on the scales, and will be repre- 
sented by two straight lines ai, Cj, b^, and a^, Cj, bg, which 
cross at the point c^. 



Further values are then obtained, such as a3, Co, bj, and 
a^, c^,, b^, and these are. drawn in as in the diagram. 

As a general rule it is necessary to use logarithmic 
scales. To facilitate the laying out of these, the authors 
have devised a simple adjunct to the slide rule which 
enables scales to be quickly and accurately laid off on 
paper. 

The photograph Fig. 6 shows the instrument in posi- 
tion on a sheet of paper. It consists of two slides to 
move on the central scale of a slide rule; one of these 
slides A has a celluloid projection on which crossed lines 
are ruled, one of which is carried across the face of the 
scale as in an ordinary slide rule cursor, thus enabling 
the slide to be shifted to define an exact position on the 
scale. To the other slide B is pivoted an arm C, capable 
of being rotated around its pivot center D ; this center is 
the same distance from the rule as the crossed lines, and 
its position is indicated by a similar line to read on the 
scale. 

These two points can therefore be placed in any definite 
relation one to another as may be desired. 

The pivot center D is made as a milled screw so that 
the rule edge attached to it can be rotated round this 
center, and yet always remain as a radial line through it 
and be fixed in any position as desired. 

Through the ends of the scale are two holes in which 
are tightly fitting needle points, and these, when pushed 
through firmly, fix the scale in position on the drawing 
board. 

The method of use is as follows: 

Having fixed two positions of known value on a straight 
line the slides A and B are shifted on the scale to cor- 
responding positions. The slide A is then placed in on 
the drawing, with its crossed lines on one of the points 
on the line to be graduated, and the scale placed at an 
angle to the line. The two needle points are then pushed 
through into the board to fix the position of the scale. 
The rule edge is then rotated around the center D until it 
crosses the line on the board at the other point marked; 
after it has been locked in position the whole line can be 
quickly graduated by shifting the slide to each graduation 
on the scale it is desired to place on the line. 

Generally it has been found desirable to make a rough 
diagram to ascertain that all the proportions are correct 
and that the scales read in the right direction, and after- 
wards make a finished one from the data thus determined. 

As examples of the uses to which these diagrams can be 
put, the following may be interesting. 

The relation between the roots and powers of numbers 
is represented in Fig. 6. 

The formula in this case is 



x = a' 



or, taking logs.. 



log. X — n log. a == o 



(7) 



(8) 



This is type B nomogram. 

It will be noticed that, by means of this diagram 
powers and roots with fractional indices can be dealt 
with as easily as those with ordinary whole number 
indices. 

In this figure a straight line joining the index on the 
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and scale^ across the number scale in the center, 
he power of the number on the left-hand scale, 
sly if the root of a number is desired, the line will 
e number in the left-hand scale to the index in the 
and, and will cross the center scale at the required 

(entally it will be noticed that this diagram shows 
y number to the power of zero is one, as the only 
: line crossing all numerical value joins the zero 
9 one on the power line. 

igst the ordinary fundamental formulas in general 
he formula 

v = at (9) 

ng logs., this becomes 

log. V — log. a — log. t = o (10) 

is a nomogram of Type A and has been plotted in 

ill be noted that in this case also both British and 
units have been employed, and direct comparisons 
ersions are therefore possible, 
rther fundamental formula is 



v2 = 2 as 



(11) 



ng logarithms, this becomes 
2 log. V — log. 2 — log. a — log. s = o. . . . (12) 

rpe A nomogram. This has been plotted in Fig. 8. 
ngst the fundamental formulae is also to be found: 

s = at2/2 (13) 

[pressed as logarithms with s in inches becomes 
log. s — lOg. 6 — log. a — 2 log t = o (1 1-) 

plotted in Fig. 9. 

will be found useful for determining the average 
ation produced by valve cams with constant 
ation. 
force due to acceleration is found from the formula 

F = W. a/g (15) 

logarithmic form, 

log. F + log. g — log. W — log. a = o . . . . ( 16) 

Type A and the plotting becomes as shown in 



formula for kinetic energy is 

KE = W. V 2/2g 



(17) 



•: + log. 2 + log. g — log. \V — 2 log. V ^= o. . (18) 

as plotted becomes as in Fig. 11. 
formula for centrifugal force is 

CF = 0.000343 Wr X- (19) 

lis case there are four variables, and the procedure 
insequence sligiitly different. 

ng logaritlims, this can be divided up into two 
:he first being 

log. W + log. r — log. X = o (20) 



This is, of course, a Type A nomogram, giving the 
values of X for any values of W and r. (Sec Fig. 12.) 

The ungraduated line, called the reference line in the 
diagram, is the line giving the result of this formula. 

The point on this line so obtained is then used as one 
variable in a second part expressed by the formula. 

log. CF — log. 0.000343 — log. X-2 log. N = 0. (21 ) 
and from this is obtained the centrifugal force produced 
at any speed of revolution by drawing a second line from 
the speed scale across the point on the reference line al- 
ready found to the centrifugal force line. 

Conversely, if, for example, in a governor design it is 
desired to find the weight and radius to produce a known 
centrifugal force at a predetermined speed, by joining the 
points representing the force and speed a point is obtained 
on the reference line. Any straight line through this line 
will cross the weight and radius lines at suitable values. 

In this way a choice can be made to suit the circum- 
stances of the design with facility and without calculation, 
as the line can be rotated about the point on the reference 
line until it crosses the other two at suitable values. 

In engine design particularly there are many completed 
calculations for which it is extremely useful to have a 
simple manner of getting out accurate results, as much 
for the comparison of different arrangements and dimen- 
sions to produce the same result as for determining the 
exact proportions. 

One such calculation is that dealing with compression 
ratio and pressure. (See Fig. 13 for formula.) 

In this case there are reallv five variables to be dealt 
with, but two of these can be considered as a ratio, and in 
this way a nomogram can be arranged with only four 
variables. 

In this calculation there is Vj the volume of the com- 
pression space and Vj the volume swept by the piston 
plus the volume V^. 

This can be reduced to one variable as Vg/V^ or R, 
the ratio. 

Now this ratio to a certain power equals the compres- 
sion pressure absolute divided by the initial pressure 
absolute. 

The index required for the power of the ratio varies 
with certain engine conditions, but its generally accepted 
value is 1.29. 

The nomogram Fig. 13 has been got out to solve this 
problem, and in it the line representing the index is 
graduated from 1.2 to 1.4 the point 1.29 being specially 
marked. 

When the value of this index has been definitelv estab- 
lished for any type of engine all other engines of the 
same type can have the ratio accurately determined by 
this diagram, use being made of the index so found. 

The compression pressure also varies with the initial 
pressure in the cylinder, and a line is included on the 
diagram for this also; this line is graduated as low as 
10 lbs. per sq. in. absolute, which is equivalent to the 
average absolute pressure at a height of 11,500 ft. (3,500 
meters.) 

This scale is also carried beyond the normal average 
atmospheric pressure to allow of the diagram being of use 
when dealing with the design of engines using ** stuffing." 
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The diagram is employed as follows: 

Having fixed on the compression desired, the probable 
index, 1.29 if this has not otherwise been determined, and 
the initial pressure in the cylinder, about 14 lbs. per 
sq. in. normally, draw a straight line from the desired 
compression pressure through the initial pressure to cut 
the line marked '* reference line.** From the point so 
found draw a second line to the index; this line will cross 
the ratio line at the correct value. 

This, being a four variable nomogram, is divided into 
two parts, each of three variables. 

The one is 

n log. R — log. X = o (22) 

This is a Type B nomogram and the second is 

log. X + log. Pi — log. P2 = o (23) 

or a Type A nomogram. Both types of diagram are 
therefore combined in this example. 

In dealing with the problems of shaft design it is ex- 
tremely useful to be able to make a direct comparison of 
the safe twisting moment of different shafts in which 
there may be variations both in diameter and materials. 
The nomogram Fig. 14 gives the data necessary for such 
a comparison for solid shafts. 

This formula, expressed in logarithms, becomes 
log. Tm — log. f — log. IT + log. 16 — 3 log. D = o. (24) 

The diagram has been plotted to deal with shafts from 
one-half to three inches in diameter with working stresses 
of 5 to 40 tons (11,000 lbs. to 90,000 lbs.) per sq. in., and 
is graduated for metric units as well as British units, so 
that comparisons can be made with either system. 

As hollow shafts largely replace solid shafts in modern 
engines, it is convenient to be able to compare these also; 
the nomogram Fig. 15 has been prepared with this end 
in view. 

The formula in this case becomes 

R» + bVr — r^ = o (25) 

This is a type C nomogram. 

With these two diagrams (Figs. 14 and 15) it is pos- 
sible to make a comparison, with accuracy and extreme 
rapidity, of shafts in torsion of all the sizes included in 
them, both hollow and solid. 

The average twisting moment of a shaft can be found 
from the formula: 



Tm = 63025 h.p./N 
This can be written 



(26) 



log. Tm — log. N — log. 63025 — log. h.p. = o. . (27) 

and forms a Type A nomogram as in Fig. 16 which is 
helpful as an addition to the two preceding Figs. 14 and 
15. 

In dealing with the question of helical springs, some 
very ingenious but complfcated diagrams liave been gotten 
out and published at various times. The nomogram is 
again exceedingly helpful in facilitating, by simplifying, 
the necessary calculations. 

The diagrams given here relate to springs designed witli 
a stress of 35,000 lbs. per sq. in. By slight modification 
of the diagram similar results can be obtained for any 
other stress desired. Generallv sucli a stress as is here 



used is quite in accordance with practice for the small 
sizes of wire, but it should not be used for sizes larger 
than those given. 

Being given the diameter of the spring required and the 
load it has to carry, say, for example, 1.5 in. and 20 lbs., a 
line is drawn on Fig. 17 joining the load and the size re- 
quired. This line strikes the line of wire sizes between 
12 and 13 S.W.G. The size one or two higher should be 
used according to the amount of movement required; take 
in this example the next size larger. A second line drawn 
from this size shows that such a spring will carry 26 lbs. 
Having ascertained the size of the wire for the load, refer 
to Fig. 18. 

Again, by joining the wire size to the spring in the 
diameter in this figure the safe compression or extension 
per coil is shown. 
The following data are now available: 

a. Diameter of spring 1.5 in. in example 

b. Maximum safe load 26 lb. " 

c. Desired load 20 lb. 

d. Diameter of wire 0.104 in. 

e. Safe compression 0.5 in. 

From the above the compression for load " c ** will be 

e X c/b (28) 

or in the example 0.5 X 20/26 = 0.385. 

******** 

or in the example 0.5 — 0.385 = 0.115 and the pitch of 
the coils will be 

d + e — ec/b (SO) 

or in the example 0.104 -f 0.1 15 = 0.219. 

Having obtained this result refer to Fig. 19 and draw a 
line from the desired length of spring through the pitch 
of coils as obtained above, and the result will give the 
number of free coils necessarv — in this case 14. 

Now it is also known from the data that the pitch of the 
coils when free is 

e + d (31) 

or in the example 0.5 -f- 0. 1 04 «^ 0.604. 
The space between the coils will be 

e — ec/b (29) 

******** 

A line from the number of coils through this point on 
the pitch line gives the free length of the spring. 

As the pitch when the spring is close coiled will be " ^ 
alone, by drawing a line through this point on the pitch 
line, the length of the spring in this condition can be 
obtained. 

All the required data for the spring have now bccD 
obtained, and a complete diagram of the spring itsd^ 
giving these data in the most easily used form can be 
made; such a diagram has been made for the example* 
and is shown in Fig. 20. Hence C is the free length of 
the spring of 14 free coils plus 1 dead coil, B is its length 
under a load of 20 lbs. and A its length close coiled. 
From this diagram the load and the deflection still avail' 
able can be found for any other condition with the assist- 
ance of the scale on the right-hand side. 
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In getting out designs of an engine, in many instances 
it is desired to arrange for the swept volume to be a 
certain fixed amount per revolution. The swept volume 
per cylinder can be found from the formula: 



The formula in this case is: 



Vc = D^S 7r/4- 



(32) 



or, in logarithmic form. 



This is shown as a nomogram in Fig. 21. 

It will be evident that for any volume on the Vc scale 
by rotating a line around the point on this scale repre- 
senting the desired amount, all dimensions of cylinders, 
i.e., diameters and strokes giving this volume can be read 
directly off the diagram. 

Two further scales however are added. These scales 
J and Q can be used for obtaining the total cylinder 
volume by taking the number of cylinders, or the working 
volume by using the number of working strokes on scale 
J and drawing a straight line to the volume of one cylinder 
on the Vc scale ; the result will be given on the Q scale. 

The working volume is useful for all calculations of 
horsepower, and it will be seen that by this method of 
expression this diagram becomes available for calculations 
relating to all engines, whether two or four-stroke, single 
or double-acting, and with any number of cylinders. 

Engines of varying dimensions can be compared by 
taking the horsepower at a standard mean effective 
pressure and revolution per minute. The actual perform- 
ance can be also compared with the rated performance on 
the same basis. 

For this purpose the nomograms given in Figs. 22 and 
22-a can be used. 

In this case also a four variable nomogram is necessary 
as the formula is : 

H.P. = Pro QN7396,000 (34) 

This can be written in logarithmic form and divided 
into two parts, as follows: 

log. Q + log. N — log. X O (35) 



and 



log. h.p. -f log. 396,000 — log. X — log. P^ O. . (36) 



If it is found at any time that the horsepower scale on 
I^ig. 22 does not go sufficiently high, the same scale of 
^ig. 22-a can be used as an addition to it by setting the 
two in line with the distance from the 100 on Fig. 22 to 
the 200 on Fig. 22-a measuring the same length as the 
distance from the 200 to the 400 on the latter figure. 

These diagrams are used by joining the necessary point 
On the Q scale to that on the N scale so getting a point 
on the reference line. The straight line from this point 
tlirough the Pm line cuts the h.p. line at the correct horse- 
power. This diagram of course gives the indicated 
power. 

To obtain the area of the inlet and exhaust pipes the 
\Forking volume Q can also be used. For solving this 
problem the two nomograms Figs. 23 and 23-a have been 
prepared. 



Vg = QN/180 TT Di2 



(37) 



This, written in logarithmic form and divided into two 
parts to deal with the four variables, becomes: 



^og. Q -f- log. N — log. X = o 



(38) 



log. Vc + log. 4 — log. TT — 2 log. D — log. S = o. (33) ^^^ 



log. V -f log. + 180 TT log. -f log. Di2 — log. X = o. (39) 

Although the preceding paragraph and the diagrams 
therein deal with the question of the main inlet and ex- 
haust pipes, yet the valve area cannot be obtained in this 
way nor the area of the individual pipes leading to each 
cylinder as in the former case all the gas to or from the 
engine is presumed to be passing. The valves only deal 
with the actual volume drawn into the cylinder and this 
has to pass in during one stroke only. A further formula 
is therefore necessary for the valves and individual cylin- 
der pipes as follows: 

Vg = VcN/360 A (40) 

This is treated in logarithmic form and divided into 
two parts and becomes as follows: 



log. Vc -|- log. N — log. X 



o 



(41) 



and 



log. X — log. 360 — log. A — log: Vg = o. . (42) 



The resulting nomogram is given in figure 24. 

The results in this case are expressed as areas rather 
than as diameters as the valve may perhaps not be ar- 
ranged to lift the necessary height to give full area due 
to diameter, and therefore in this event the area should 
be treated as composed of the height of lift and the 
perimeter of the valve seat. 

It will be evident that the subject of the paper is but 
sketchily dealt with, but it is hoped that enough has been 
said to show its importance and utility. 

It is well to bear in mind that a nomogram should 
always be made as nearly square as possible in order that 
the lines may cross one another approximately at right 
angles as in this manner the errors of reading are much 
reduced. 

A piece of black thread or celluloid rule with a fine 
line on it in contact with the paper probably gives the 
best means of reading the diagrams but neither of these 
can be used very successfully with a four variable nomo- 
gram unless the trouble is taken to graduate in some form 
the reference line. With four variables a straight edge 
and fine pencil point is probably the best means of ob- 
taining quick results. 

One word of warning must be given about using four 
variable nomograms and that is that it is necessary to 
read onlv from the scales and the reference line in the 
correct order. This order can be found from the formulae 
given on the diagrams X in each case expressing the un- 
known represented by the point on the reference line. 
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APPENDIX 

Symbols used in the paper. 

Acceleration or number 

Stress 

Acceleration due to gravity or 32.1717 feet per 

second per second. 
Index 
Radius 

Time in seconds 
Velocity 
Gas velocity 
Power 
Diameter 

Diameter of inlet pipe 

Compression or extension of helical spring 
Force 

Number of impulses per revolution 
Length of spring 
Number of coils of spring 
Revolutions per minute 
Pitch of coils of spring 
Mean effective pressure 
Compression pressure (absolute) 
Initial pressure (absolute) 
Working volume per revolution of engine 
Compression ratio 



S 
T„, 

Ve 

w 

X 
Y 

A 



Space or stroke 

Twisting moment 

Cylinder volume 

Volume of clearance space 

Volume of piston displacement plus volume of 

clearance space 
Weight of mass or load in lb. 
Unknown formulae and diagrams 
Wire gauge (Imperial standard) 
Area 



cm.-* 

cm.^ 

ft. /sec. 

ft./sec./sec. 

H.P. 

Kg. 
KgM 

Kg/cm.^ 

Kg/m/m.^ 

Ib./in.^ 

MKg 

M/sec. 

M/sec./sec. 

m/m. 

ton/in.^ 



Abbreviations used in the Paper 

Square centimeters 

Cubic centimeters 

Feet per second 

Feet per second per second 

Horsepower 

Kilogrammes 

Kilogrammeters 

Kilogrammes per square centrimeter 

Kilogrammes per square millimeter 

Pounds per square in. 

Meter kilogrammes 

Meters per second 

Meters per second per second 

Millimeters 

Tons per sq. in. 
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PLANE D MOTOR COMPANY. 



MODEL L-6-D 
12J-130 H.P. 



For Sport 
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THE B-G- SPARK PLUG 



(Fro 



: Wei 



r«ent remarkable perfo 
1-G Spark Plugs in the Toronto 
d the Transcontinental Race Iiave 
lieni to be an important advance 
: plug design and manufacture, 
d reliability of the ignition system 
ncreased safety and belter pcr- 

dvance in the design of the B-G 
.isists of its self-cleaning feature 
obtained by a high pressure air 
reeled over the sparking points, 
)ur strokes of the engine cycle. 
; compression stroke of the piston 
is accumulated in the body of the 
the space provided above the 
points. The air enters the cham- 
lugh the four holes at the base 
jlug. These holes are drilled at 
angle that such oil as may lind 
trough the four apertures (19) 
1 into the oil pocket immediately 
lem formed by the body of the 
1 the lower point of the thimble 

ompression chamber of the plug 
lerably larger ; however, as it ex- 
ir up into the plug to the mica 
n held in place by the spindle (14) 
ihed together at high pressure by 
cone {12-B). 

e start of the power stroke the 
curs and the recession of the pis- 
lits tlie escape of the accumulated 
, augmented by the heat of com- 
and spark. The oil and pres- 
the oil pocket passes through the 
the bottom of the plug; the pure 
in the inner section of the eham- 
eeted by thimble (ll-B) passing 

pressure over the sparking point, 
iperation is repealed on the ex- 
id intake strokes of the piston, 
experimental plugs were required 
he correct size of the holes for 

of the plug was found, for they 
le the pressure accumulated in the 
I also the direction through which 
rssure is released. If the holes 
small insufficient pressure to blow 
nd soot from the plug points is 
. On the olher hand, too large 
suit in the pressure being forced 

the holes mstead of passing at 

nica insulation used is specially 
and is packed to the utmost tight- 
means of the packing cone used 
issembly. A cooling chamber is 
1 on the outside of the plug which 
the temperature of the thimble 

lug can easily be dissembled from 
f which screws into the cylinder 
Kposing the sparking point and 
in for inspection and cleaning. 
: recent New York-Toronto and 
)rk-San Francisco races, the mar- 
performance of the B-G spark 
roved the soundness of the new 
; of construction. The gnieilins 
ns to which they were subjected 
oppnrtunilv for instructive com- 
of their c^cicncy, with thos.- of 
;r lypes which are approved for 
military aircraft by the War Dc- 
t. 

of the De Haviland planes of 
OafTgetl's squadron which en- 
the New York-Toronto-New York 
re equipped with E-G spark pluc?. 
ne of these plugs went Ihrouph 
with a perfect performance. This 
was equalled by Lieutenant ifay- 
le winner of the race; Major 
er, Serjeant Coombs and Lieu- 
Cirkpalrick. 



; At Hazelhurst Field after the race, sev- 
oral plugs were removed from a number 
of the aeroplane engines and examined. 
It was found that the insulation on each 
of the plugs removed was perfectly dean 



the effectivi 
le Army Reliability „ , - 

crossings of the continent, a distance 



: requiring 




10, 1919) 

of approximately 5,400 miles, furnished 
another opportunity to demonstrate the 
success of the B-G spark plugs. Lieuten- 
ant Maynard, the winner of the race, ob- 
tained a perfect performance from his set 
of B-G plugs. Owing to the breakage 
of the crank-shaft, he was forced to 
change engines at Wahoo, Nebraska, and 
therefore was unable to finish the race 
with the original set of B-G plugs. But 
at the time of the break-down, the plugs 
had given no trouble whatever and were 
in perfect condition. 

Lieutenant-Colonel Reynolds used a set 
of B-G plugs which were installed at 
Langley Field. Virginia. He flew these 
to Mineola, then across the continent and 
back, and finally returned to Langley 
Field, No change of plugs was required 
and they were functioning properly on 
their return to the home field. 

Captain Donaldson's and Lieutenant 
Manzelman's B-G plugs also gave perfect 
account of themselves despite the length 
of the flight and the serious weather con- 
ditions encountered. 

The official report of Lieulenant-Col- 
onel R. S. Hartz's "Rim" flight stales 
that a set of B-G plugs ^ve a perfect 
formance in that gruelling 9,283-mile 
of plugs used were tested 
'i a D-H prior to the 
the flight they had 24 
warming time and ap- 
proximately 114 hours 45 minutes flying 
time— a total of 140 hours. 

The Martin biplane, with the excep- 
tion of two nights, was out of doors 
without protection between July 24th to 
November 9th, After standing for 31 
days at Jay, New York, where it was 
held for repairs, the left motor was 

had been idle in the open under all possible i:ll- 
mdtic chaases durinK that pniod. Xot once during 
the entire flight was a ipark plug miss rtcordEd 

ihutahle to lh< failure of tie igni 
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take no chances 

— Protect men and motors with 
Non-Gran Bearing Bronze 

THE lailurc uf jii^l uhl' noti-adjustable busliing in an aviation 
motor in flight means great danger to the aviator — means that the 
engine must be taken out of the plane, sent to the repair depot 
and completely dismantled to get at the worn bushing to renew it. 
That's why the builders of Curtiss, Duesenberg, Hall-Scott, Rolls- 
Royce, Renault, Liberty, Aeroiuarine. Lawrence and Union motors 
take no chances on the quality, uniformity and fineness of these vital 
pans— that's why they use Xon-Gran bronze for wear-subjected 
non-adjustable bushings in the motors they build. 
The Bureau of U. S. Aircraft Production recommended Non-Gran (or all 
unlined bushings iu Liberty engines because the Bureau found that Non-Gran 
was more dependable, resisted wear and withstood severe service two or three 
times longer than any other bearing bronze on the market. 
Non-Gran is the result of eleven years' specialization on one alloy, produced 
by one formula, one method and with one result : — a wear-resistant bronze of 
dependable endurance and uniformity, free from flaws, sand holes, air or 
gas pockets. 



AMERICAN BRONZE CORPORATION, Berwyn, Pa. 

District Olfieet: 

mom BIdi Ui>E. i .^ass. ,W10 Woolwotth Bldg. ,. .New York, N. V. 

pks (;ab l),.ig i,iiicugo, in. J40 Leader-New* Bldg Cleveland, Ohio 

cjtic Cuasi-AIIied Industries, Jnc, 279-233 Minna St., San FranciKo, Cal. 





The VIKING 140 H. P. Aviation Motor 

A 1 6 Cylinder, Air Cooled, Ball Bearing, Light Weight, Flexible, Vibration- 
less, Long Life Motor. 

A scientifically constructed motor, having 8 power impulses overlapping each 
other, every revolution of the crank shaft, built of the best materials known 
today. A motor that responds to the throttle instantly, uses less gas and oil. 



MANUFACTURED BY 



Detroit Manufacturers Syndicate 

1330-33 Majestic Building 

Detroit, Michigan 




ARBUnETQR 

WHY? ! 

Because ZENITH Supremacy in Carburetor Simplicity, 

Power. Reliability and Economy is based upon certain proven 
facts. - 



SIMPLICITY ^^^y "^^^ moving parts— not one affect- 
ing the mixture control^the iamous 

automatic compound nozzle system. 

_It takes power to obtain speed. You may not 
be a speed fiend — but you like to feel power in 
reserve. De Palma's Packard 905. "the fastest thing on 
wheels." on Feb. 12th-I7th. traveled 1 mileat the rate of 144 7 
miles per hour— 10 miles at 144.3—20 miles at 134 7. His 
car was equipped with a stock ZENITH carburetor. 

_This was the FIRST CONSIDERA- 
TION in designing the U. S. Naval 
Trans-Atlantic Planes. The performance of ZENITH on all 
Liberty engines, made its selection n matter of course. 

_The Trans-Atlantic Planes had to count 
every drop of fuel. Lives depended on 
their fuel supply not being wasted. This was the SECOND 
CONSIDERATION on which the Naval experts based their 
ZENITH choice— a fact to be considered by every motor car 
or truck user. 

Thes? remarkable achievements explain; — 

WHY it takes four Factoriss— three in Eutane and one in j 

America to supply the world-wide demand. 
WHY it was selected for the majority oF the fightine plana 

on the Allied Front. 
WHY it was used on the effectiue French Renault tanks. 
WHY It is used by a majority of European automobile manu- 
facturers, including Delage, Peugeot. Gregoire, Dc- 



POWER- 



RELIABILITY- 



ECONOMY- 



Dion 
WHY it is used by o 

WHY YOU should u 



y other well known makers. 



ZENITH EQUIPMENT. 



ZENITH CARBURETOR COMPANY 

NEW YORK DETROIT CHICAGO 



PARK CRANKSHAFTS 

4-0O*3X Aviation Crankshafts Have Beeit. 
Shipped to Date to Allied Engine Builders^ 



AMERICAN 

BRITISH 
FRENCH 
ITALIAN 



AEROMARINE— HALL-SCOTT L4 & 6A. 
WRIGHT MARTIN— HISPANO-SUIZA 160 & 300 H. P. 
LIBERTY MADE BY NORDYKE & MARMON, PACKARD « 
WILLYS-OVERLAND. 

ROLLS-ROYCE SUNBEAM. 

LORRAINE-DIETRICH. 

FIAT ISOTTA FRASCHINI SPA ANSALDO ST. GIORGIO, LTD. 



THE PARK DROP FORGE CO. 

CLEVELAND, OHIO, U. S. A. 

ENGLAND & FRANCE, REP. J. W. H. EVANS & CO., WESTINGHOUSE BLDG., LONDON 

ITALY & SPAIN, REP. J. E. DOCKENDORFF & CO., TURIN, ITALY 




Cooled the NC-4 
Across the Atlantic 



Designed and built to meet the exacting 
requirements of airplane service. Our 
engineering experience and manufactur- 
ing facilities are at your disposal. Send 
us your blue prints and specifications. 



THE G & O MANUFACTURING CO. 

New Haven, Conn. 



SPRAGUE ELECTRIC 

DYNAMOMETERS 




Used by U. S. Gov-cmment and bv leadine Airplane En- 
cine Builders— CURTISS, H.\LL-SCbTT, STURTEVANT, 
WRIGHT-MARTIN, DUESEXBERG, D.WTON- 
U'RIGHT, PACKARD and .AEROMARINE. 

>^^. SPRAGUE ELECTRIC WORKS 

|I^^^A OF GENERAL ELECTRIC COMPANY 

t^OjU Main Office.: 527-531 We.t 34lh Street 
^<i^W New York, N. Y. 
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THE HISTORY OF THE 
CROSSING OF THE ATLANTIC 



The first crossing of the Atlantic was accomplished by Columbus in the year 
1492. He completed the journey, Palos (in Spain) to San Salvador, in 41 

days in the sailing ship "Santa Maria." 



The first steamship, without the use of sails, to cross the Atlantic 
was the **Sirius,** which sailed from London on the 4th April, 1838 

and arrived at New York 1 7 days later. 



The fastest trip ever made across the Atlantic by an 
Atlantic Liner was made by the **Mauretania'* in September, 
1909, from Queenstown to New York — the time tzJcen 
between Fastnet Light and Ambrose Channel Light Vessel 
being 4 days, 1 hours, 4 1 minutes. 



1 



The first direct flight across the Atlantic from St. 
John's, Newfoundland, to Co. Galway in Ireland, was 
made on June 1 4th- 1 5th, 1 91 9, by a Vickers **Vimy" 
type Aeroplane fitted with two Rolls-Royce 360 h.p. 
**E^gle" engines. The time taken was only 1 5 hours, 

57 minutes. 



i 
i 



ROLLS-ROYCE AERO ENGINES 
LIKE ROLLS-ROYCE CARS, ARE 
THE BEST liN THE WORLD 



ROLLS-ROYCE LIMITED 
15, Conduit Street, London, W.I. 
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More Speed for the Engine 
Less Work for the Lathe 



Lynite Pistons effect lower shop 
costs just as surely as they permit 
increased engine speed. 

Lynite Pistons are not in any 
sense ordinary aluminum alloy pis- 
tons. They arc cast by the perma- 
nent mold process, which gives them 
marked advantages over any sand- 
cast piston. 

The permanent mold produces a 
piston casting with surfaces smooth 
and true, and with dimensions closer 
to finished size than is possible where 
sand molds are used. The permanent 
mold, in fact, acts as a gage to every 
piston casting produced. 

of the permanent meld 



process, the amount of metal that 
must be removed in machining a 
piston is reduced by 30 to 65 per cent. 
Instead of turning ^-inch to ^-inch 
from head and skirt, the manufac- 
turer who uses Lynite Pistons need 
figure on cutting away only ^-inch 
to ^-inch of metal. 

The use of Lynite Pistons offers an 
opportunity to effect worth-while 
saving both in cutting down waste 
material and in reducing the time 
required to finish a piston. 
THE NEW BOOKLET, "Lynite Pistons" 
not only deacribea in detail the advantages 
of the permanent: mold procesa but gives 
charts and sample problem by means ofwhicli 
pistons can be designed in accordance vtith 
Lynite standards. Write for a copy. 



ALUMINUM MANUFACTURES, Inc. 

[.YNtTB and LYNUX Pioducta 

General Office, Cleveland, Ohio 

DISTRICT SALES OFFICES 
NeWYork. SH Rflh Ave. Deiroit Jo..C«npBuAve,andDunRd. 
lEudidAve. Chicago . ■ 1641 Conwiy Building 
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